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PR’PARED UNDER THB 


Direction or THE Cuter or Encineers, U. S, Army 


THIRD (REVISED) EDITION 


WASHINGTON 


GOVERNMENT PRINTING OFFICE 
1909 


WAR DEPARTMENT. 
Documznt No. 355. 


OFFICE oF THE CulnF oF ENGINEERS, 


‘War DEPARTMENT, 
OrFice oF THE OnJer oF STAFF, 
Washington, November 19, 1909. 

The Engineer Field Manual, United States Army, prepared under the direction of 
the Chief of Eugineers, U. 8, Army, is published for the information and guidance 
of all concerned; it will not be modified except by specific authority given in each 
cage. 

Any changes or suggestions that may occur to officers or others using the manual 
will be submitted to the Chief of Engineers for consideration in connection with the 
publication of future editions, 

By order of the Secretary of War: 

J. FRANKLIN BELL, 
Major General, 
Chief of Btaf’. 


War DEPARTMENT, 
OFFICE OF THE CHIEF OF ENGINEERS, 
Washington, March 12, 1907. 


The Adjutant General. 


§1r: 1. By authority of the Secretary of War, six parts of the Engineer Field 
Manual, compiled under the direction of this office by Lieut. Col. Smith S. Leach, 
Corps of Engineers and General Staff, have been published in five separate volumes, 
These parts are: Part I, Reconnaissance; Part II, Bridges; Part III, Roads; Part 
IV, Railroads, and Part VY, Field Fortification (in one volume); and Part VI, 
Animal Transportation. Each of these six parts received the approval of the Chief 
of Staff before its publication. 


2. It is now desired to publish under a single cover these six parts, revised and 
corrected, for issue to the service, when ready for distribution. 


8. In addition to the correction of such errora as have been. discovered in the 
original editions, it is proposed to add some new matter to bring the work up to date. 
The most important addition is a description of the new types of instruments adopted 
in 1906. It is also desired to add, in Part I, a brief description of the new military 
survey of Cuba; some additional topographical signs and symbols recently prescribed 
by the General Staff, and a brief account of the new system of angular measurement 
in mils adopted for position finding by the Field Artillery; to incorporate, in Part IT, 
a very useful table of dimensions of floor systems for stated loads and spans, and to 
incorporate, in Part VY, a plate and description of the Fort Riley redoubt, which pre- 
sents several excellent features of design. It is proposed to add the new matter at 
convenient places as nearly in its topical relation as possible, but under a caption 
‘taddenda, 1907.” 


4. The mechanical work involved in the preparation and publication of this 
revised edition would be, roughly, as follows: Drawing and engraving of four or 
five plates; making of a consolidated index; composition of the equivalent of about 
three or four pages of text; composition of consolidated index (about 48 pages); 
electrotyping of new plates, new pages of text, and new index; repaging of Parts II 
to VI, both inclusive, and printing and binding of 1,000 copies of the complete work, 
the cover to have a pocket, a pencil tube, and a broad flap folding over the back, 
The manuscript of a proposed introduction and list of authorities is inclosed. 


5. The matter in the six parts as now published is electrotyped; the electrotype 
plates are at the Government Printing Office. The expense of drawing and engray- 
ing the new plates, of preparing the new matter, and of making the consolidated 
index would be chargeable to the appropriation carried by the army appropriation 
act approved June 12, 1906, ‘‘ For pontoon material, tools, instruments, and supplies 
required for use in the engineer equipment of troops, including the purchase and 
preparation of engineer manuals,” of which there is an available balance sufficient 
for the purpose; the expense of composition, electrotyping, repaging existing elec- 
trotype plates, and of printing and binding to be borne by the appropriation for 
public printing and binding. The paper for the work is on hand in this office. 

6. I have the honor to recommend that 1,000 copies of the revised edition of the 
six parts of the Engineer Field Manual, as hereinbefore described, and their accom- 
panying plates be printed at the Government Printing Office and furnished for the 
use of this office on the usual requisition, the cost to be paid as stated in the preceding 
paragraph. 


7. A copy of each of the parts as published is submitted herewith. 


Very respectfully, 
A. MACKENZIE, 
Brig. Gen., Chief of Engineers, 
U. 8, Army. 


ENGINEER FIELD MANUAL. 
INTRODUCTION. 


In April, 1899, the Chief of Engineers directed the Commandant of the Engineer 
School to enter upon the preparation of an Engineer Field Manual, At the same 
time all officers of the Engineer Corps who had been in the field during the Spanish 
war were invited to contribute data and suggestions, and many of them did'so, At 
the Engineer School the work of compilation was committed to the instructor in 
civil engineering, then Capt. Henry Jervey, and under his control, and mostly by 
his own hand, a general plan of a manual was worked out, manuscript and platea 
prepared on the subjects of reconnaissance and bridges, and more or less complete 
notes on roads and railroads. 

The instructions of the Chief of Engineers required a topical division and publica- 
tion by parts, as completed. The part on reconnaissance was published in tentative 
form and distributed to officers of Engineers and other arms and to a few civil engi- 
neers, for comment and criticism. The parts on bridges and roads were sent in 
manuscript to certain Engineer officers for like criticism. Asa result, the method 
of treatment of subject-matter and the mechanical features of the book were defi- 
nitely determined and it was decided to revise the work already done to conform it 
to the modified plan and to republish Part I. 

At this stage, 1903, the pressure of work at the Engineer School made it necessary 
to place this duty in other hands and it was devolved upon the commanding officer 
of the First Battalion of Engineers, and shortly thereafter the relation of that offi- 
cer to the preparation of the manual was made personal, instead of ex-officio, and all 
subsequent work has been by the same hand. 

By July 1, 1906, six parts had been published—reconnaissance, bridges, roads, 
railroads, field fortification, and animal transportation. These parts are now col- 
lected in a single cover, with corrections of errors which crept into the first edition 
and some additions of new matter which has become available since the first publi- 
cation. The most important of these additions, made by direction of the Chief of 
Staff, is the incorporation of the signs, etc., for finished maps, published by anthor- 
ity ‘of the Secretary of War in 1904. A few minor changes which have been ap- 
proved, will be noted. 

The opportunity now first offers to make acknowledgment of sources from which 
material has been drawn and of assistance rendered by persons in the preparation 
and publication of the manual. 

As to authorities, a list is appended of works which have been \consulted and 
from which facts or suggestions have been derived. Other works have been con- 
sulted, but nothing having been taken from or suggested by them, they are not men- 
tioned, The titles in the list which appear in full-face type have been relied upon, 
more or less, as standard and as guides to topics and arrangement. Buta single 
work seems to deserve further mention, and that is the incomparable Trautwine, 
the indebtedness to which is too obvious to require mention, but too important to 
permit it to be dispensed with, Substantially no matter from any source is quoted. 
The exigency of space required everything used to be rewritten with a view to con- 
densation, In addition to the works cited, much valuable information, especially 
as to railroads and field fortifications, was obtained from the reports of military ob- 
servers with the Japanese and Russian armies and from fugitive publications as to 
the war in Manchnria. Of the latter, the Journal of the Royal Fngineers of Great 
Britain deserves special mention. 

Pergonal assistance in the preparation of text has come exclusively from brother 
officers of the Corps of Engineers, with the single exception of ‘‘ Landscape Sketch- 
ing,” paragraph 85, and plates 39 and 40, ‘‘ Reconnaissance,” which was abstracted 
from material furnished by Professor C. W. Larned of the Military Academy. In 
verifying, criticising, and correcting the work of the compiler, many officers have 
rendered assistance in greater or less degree, and none who have had opportunity to 
assist have refused. Buta few have given so much of time and labor as to make 
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mention by namean act of simple justice. Lieutenant Colonel Abbot, who has handled 
the manual in the office of the Chief of Engineers during the entire period of prepara- 
tion and publication, has contributed never-failing enthusiasm, encouragement, and 
counsel, which haye been.of the greatest possible assistance. Major Rees read crit- 
ically the parts on reconnaissance, bridges, and roads. Major Sibert and Lieuten- 
ants Johnston and Spalding did the same for railroads. Captain Connor read the 
same part and forwarded a paper of his own on the subject, from which some sugges- 
tions were taken. Major Gaillard read the parts on field fortification and animal 
transportation and made valuable suggestions from personal experience with pack 
trains. Captain Cheney read the part on animal transportation and made valuable 
suggestions. This part was also read by Dr. Hunter, V.8., Sixth Cavalry, and Mr. 
Daly, chief packer, upon whose approval much of its value rests, The original draw- 
ings for Parts I and 1I were made by enlisted men of the Second Battalion of Engi- 
neers, under the supervision of Major Judson, instructor of military engineering at the 
Engineer School. The names of these men, unfortunately, have not been made of 
record. These drawings were revised and those for Parts III and VI made by Ser- 
geant Pihlgrem, of the First Battalion of Engineers, assisted for a short time by 
Corporal Flugel of the same organization. The drawings for Parts IV and V and the 
-Addenda were made by Mr. 8. P. Hollingsworth, of Washington, D.C. The index- 
ing, partial and consolidated, was done by Mr. G. T. Ritchie of the Library of Con- 
gress. Mr, Pickering Dodge, chief clerk, U. 8. Engineer Office, Washington, D. C., 
contributed valuable assistance in final proof reading. 


LIST OF BOOKS CONSULTED. 


Theory and Practice of Surveying. Johnson. 

Military Topography and Sketching. Root. 
Tables and Formula. Lee. 

Higher Surveying. Gillespie. 

Roads and Railroads. Gillespie. 

Engineer's Pocketbook Trautwine. 

U. 8. Bridge Equipage and Ponton Drill. 

Military Bridges. Haupt. 

Roads and Pavements, Baker. 

Masonry Construction. Baker. 

Highway Construction. Byrne. 

Economic Railroad Location. Wellington. 

Railroad Construction, Webb. 

Notes on Track. Camp. 

Railroad Curves. Allen. 

The Railroad Spiral. Searles. 

The Roadmaster’s Assistant. Railroad Gazette. 
Locomotive Breakdowns. Emergencies, and their Remedies. Fowler. 
Text-book on Locomotives. International Correspondence Schools, 
Train Rules and Train Dispatching. Dalby. 

Block Signal Operation. Derr. 

Letters of an Old Railway Official. Hine. 

Manual of Field Engineering. Beach. 

Field Fortification. Fieheger. 

Manual of Military Engineering. Ernst. 

Attack of Fortified Places. Mercur. 

Royal Engineers Aide Memoire. 

Handbook of Modern Explosives. Tissler. 

Woolwich Text-book, Parts I and II. 

Chatham Text-book, Parts II and III. 

Text-book of Field Engineering. Phillips. 

Field Fortification. Hutchinson. - 

British Manual of Field Engineering. 1903. 

Destruction of Obstacles in Campaign. Bornecque, Tr. Burr. 
U. S. Field Service Regulations. 2 

Manual of the Quartermaster’s Department, U. S. Army. 
Horses, Saddles, and Bridies. Carter. 

Packer’s Manual. Daly. : 

Treatise on Feeding and Training of Mules. Riley. 
Military Transport. Furse. 


PART I. 


RECONNAISSANCE. 


PART I—RECONNAISSANCE. 


1, Topographical reconnaissance, as here treated, includes suitable means for 
obtaining and recording all needful information of a terrain in the shortest possible 
wae and within the limits of accuracy required for the operations of troops in the 

eld, 


Also, the interpretation of a record when made, to determine from it the favorable 
or unfavorable effect of the terrain, for the purpose of directing military operations 
with reference thereto. 


2, The information to be obtained in a topographical reconnaissance may be 
grouped under the headings of time, cover, resources, and nomenclature, The 
jmaap should permit a determination of the time which a column will require to 
pass between any two given points by showing tho distance between them and the 
condition of the road or country which must be traversed, as regards its effect on 
the rate of march; the accidents of ground which will afford cover to the army or to 
the enemy; the location, quantity, and quality of water, fuel, grass, etc., and should 
give to each feature its local name. Tho last requirement is of great importance 
and is the one most often neglected, 


3. The fundamental topographical operation is the determination of the 
direction and distance of one point from another point, 


The direction of one point from another is composed of two elements: First, the 
angle made by the line joining the two points, with a vertical plane passing through 
one of them. This angle is measured in a horizontal plane and is called the 
azimuth; second, the angle made by the line joining the two points, with a hori- 
zontal plane passing through one of them. This angle is measured in a vertical 
plane passing through both points, and for convenience will be called the gradient. 


4. Azimuths.—As an infinite number of vertical planes may pass through a 
given point, it is necessary to select one as the origin of azimuths. In topographical 
reconnaissance the plane selected is that of the magnetic meridian at the point. 
Its direction in a horizontal plane is the line of rest of a freely suspended and bal- 
anced magnetic needle, and this line is the origin of azimutha. 


From this origin azimuths are measured in degrees of arc from 0 to 360, passing 
from the north point through the east, south, and west: to north again. Azimuths 
of 0° to 90° are in the northeast or first quadrant, fig. 1; those of 90° to 180° are in 
the southeast or second quadrant; those from 180° to 270° in the southwest or third 
quadrant, and those from 270° to 360° in the northwest or fourth quadrant, 


Azimuths are bearings between stations taken in the direction of progress of thé 
reconnaissance. Bearings taken in the other direction are called back azimuths. 
If the stations are numbered in the order they are occupied, a bearing front a lower 
to a higher numbered station is an azimuth, and « bearing from a higher to a lower 
numbered station is a back azimuth, 


The method of stating azimuths described above is that commonly used in sur- 
veying when direction is maintained by carrying an azimuth, It is the simplest 
to understand and use, and permits the augle between any two lines to be read at a 
glance. 


There are other ways of expressing azimuths, adapted to special conditions or cir- 
cumstances. In astrouomical work and tables the azimuth is reckoned from the 
south, through W., N., and E., 360° to south again, Any astronomical azimuth 
differs from the corresponding survey azimuth by 180°. 


In navigation azimuths are reckoned from the mariner's compass, and are 
called bearings. The dial is divided into 32 points and each point into quarter 
points. The names of the points and their relation to survey azimuths are shown 
In fig. 1. : 

Land surveyors reckon bearings in both directions from N. andS. Their com- 
passes are graduated 90° in each direction from the N. and 8. points and a bearing 
is stated by giving the angle and direction from N, or S., whichever may be nearest, 
as N. 46° W., 8. 29° EK, 7 


Reconnaissance. 


1-3. 


i 


B Needle 
C Card 
D Pivot 
E Stop 
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Formerly such bearings were reckoned from the nearest cardinal point, N.,8., E., 
or W., as W. 44° N., which corresponds to N. 46° W. This method is very conven- 
ient for giving directions in orders and reports. It is shown in the middle circle of 
fig. 1. See par. 4a, p. 15. 


5, The compass is the standard instrument for the determination of azimuths 
in topographical reconnaissance. It consists of case, needle, card, pivot, and stop, 
figs. 2 and 3. 


The card may be fixed to the case or movable, attached to the needle and re- 
volving with it. The stop raises the needle from the pivot and clamps it against the 
glass cover. A good compass must have a needle sufficiently magnetized to settlo 
accurately and a pivot free from rust and roughness. If the needle becomes too 
weak, it may be remagnetized by rubbing gently from pivot to point on a permanent 
or electro magnet, each end of the needle to be rubbed on the pole which attracts 
it. In returning the needle for another stroke, carry it a foot or more from the 
magnet. The pivot may be polished with Putz pomade or similar substances on a 
soft stick. 


If possible, however, turn in the defective compass and get a good one in place 
of it. 


A needle loses part of its magnetism if kept fora long time out of the plane of 
the magnetic meridian. In storing a compass, care should be taken to place it in 
the case or on the shelf with the N. end of its needle pointing north, 


6. Dip.—tThe earth’s magnetic poles are beneath the surface, and the end of a 
symmetrical needle is drawn downward out of the horizontal plane so as to point to 
the nearest pole. This displacement from the horizontal plane is called dip, and is 
measured in degrees of arc. The dip increases generally with the latitude. Imme- 
diately over a magnetic pole the needle stands vertical, or has adip of 90°. Near 
the equator, where north and south poles exert an equal influence, the needle may 
be horizontal, or the dip 0. 


For reading azimuths the needle must be kept in a horizontal plane, which is done 
by a small movable counterweight. For considerable changes in latitude, asin pass- 
ing from the United States to the Philippine Islands, the counterweight will require 
adjustment to keep the needle horizontal, and in passing from the northern to the 
southern hemisphere, the counterweight must be changed to the opposite side of the 
pivot. 


7. There are two adopted forms of compass for topographical reconnaissance, 
one of the fixed and one of the movable card type. 


The box compass is shown in fig. 2. The card is fixed and graduated counter- 
clockwise from N. 360° to N. again. The E. and W. points, if marked, are reversed. 
The stop is operated by opening and closing the lid. The lid is hinged parallel to the 
north and south line, and when open ita upper edge forms a convenient line of sight. 
The needle when stationary can be read to the nearest degree by the eye, and to half 
a degree with a reading glass. 


Another pattern which has been issued has the lid on an E, and W, side, and the 
sighting line is a fine Line drawn across the lid. 


Some of the box compasses in use are graduated clockwise. Care must be taken 
in using these. The true azimuth is 360° minus the reading of the needle. The 
actual reading of such a compass should never be recorded; the corresponding azi- 
muth only should be set down. It will be safer to add a rough graduation in the 
proper direction. 


8. The prismatic compass is shown in fig. 3. It is of the movable-card type. 
It is read through a reflecting inverting magnifying prism, The prism revolves on 
an axis and is over the circumference of the card for reading, and against the edge of 
the case for carrying. It slides up and down in the support which attaches it to the 
case, which motion permits it'to be focussed on the scale. The focus for each obser- 
ver should be determined when the compass is resting on a level surface, and not 
thereafter varied. If, when so adjusted, the scale is out of focns when the sight is 
taken, it shows that the card is not horizontal, and the case muat be tilted until the 
scale comes into focus. The needle may be compensated for dip by a bit of sealing 
wax stuck on the underside of the card. The leaf sight folds down for carrying, and 
in so doing stops the needle, 
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In the pattern illustrated, the metal cover goes on outside the leaf sight when 
folded dawn, When the compass is used, the cover is removed and placed for con- 
venience on the bottom of the case, where it fits closely. In-another pattern, the 
metal cover has a window in it opposite the prism, and is not removed when sighting. 
The leaf sight folds down outside the cover and is not protected. See par. 8a, p. 15, 


9. Compass errors.—The magnetic and true meridians generally do not coincide, 
The angle which the needle makes with the true north at any place is called the 
declination of the needle, or magnetic declination at that place. For latitudes 
of 60° and less the declination ordinarily varies between limits of 20° east and 20° 
west. For high latitudes the declination is greater and more irregular. 


There are daily and secular variations of declination at every place, but they are 
too small to have any bearing on the class of work now under consideration, and for 
purposes of topographical reconnaissance the declination at any place may be con- 
sidered constant for the period of the survey. 


A close watch must be kept for the change in de¢lination from place to place, and 
for local disturbances of the needle due to the proximity of magnetized substances, 
natural or artificial. 


Change of declination or normal direction of the needle should be checked fre- 
quently. If a change is observed, it is certain to have taken place gradually, and, 
if desired, may be distributed among the courses run, though the change will seldom 
be great enough in a single day’s work to make its distribution practicable. 


Abnormal deflections of the needle, due to local disturbances, are sudden and 
erratic and should not be distributed among all the courses, but only among those in 
which there is reason to believe the disturbance occurs. 


A simple way to detect—not measure—such disturbances is to take frequent back 
azimuths. If the position of the needle is norma] at both stations, the azimuth and 
back azimuth will differ by 180°. If there is local attraction on the course, it will 
usually be stronger or cause a greater deflection at one station than at the other, and 
the azimuth and back azimuth will not differ by 180°. 


Another way is, when taking the bearing to a station, to select a well-defined point 
beyond and on the same course. On arriving at the new station, take a bearing 
from there to the selected point ahead. If it is the same as the first bearing to that 
point, there probably is no local disturbance. If the two bearings to the same poiut 
differ, there probably is local disturbance. : 


A course in which local attraction is detected or suspected should be noted, and if, 
on closing, an azimuth correction is necessary, it should be applied to the suspected 
courses. 


10, Gradients.—There can be but one horizontal plane through a given point, 
and it may be determined by the spirit level or plumb line without serious error. 
Gradients are measured by taking the angle of the line of direction with a horizontal 
line through the point. : : 


11. Gradients are commonly called grades or slopes and are expressed in degrees, as 
1°, 2°, 334°, 614° slope, etc. 

Each angle corresponds to two slopes, one up and one down from the initial point. 
Rising grades may be recorded with a + before, or an R after the number of degrees; 
falling grades with — before, or F after. On a map, general slopes are indicated by 
an arrow pointing in the direction of the drainage, with the gradient written beside 


it, thus —£—>». Road grades are indicated by an arrowhead at top and bot- 
tom of the grade, the one at top pointing toward the road and the one at bottem 
away from it, thus : 
4° Ki 

Gradients are also expressed by the relation between the change of elevation—rise 


or fall—and the corresponding horizontal distance. This relation is stated in vari- 
Ous Ways. 


By the rise in ft. per 100 ft. hor. or the ft. rise as a percentage, as “‘ the slope is 4 in 
100, or 4 per cent.” 
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By the ft. rise for.1 mile of hor. distance; as ‘‘ the grade is 50 ft.,” or ‘‘a 50 ft. 
grade.”” This method and the preceding are commonly used for BR. R, track grades. 


By the number of ft. hor. corresponding to 1 ft. rise; as 3 to. 1,10 to 1. This 
method is commonly used for slopes of emhankments and excavations when less 
than:45°, 7 


By the ft. rise corresponding to 1 ft. hor.; as,lon1,60n1, This method is com- 
monly used for slopes of embankments and excavations, étc., from 45 to 75 degrees, 


By the number of inches hor. corresponding to 1 ft. rise; as, 3 ins. to the ft., 1 
inch in the ft: This method is commonly used for gradients of 70 degrees and over, 
and is called batter. 


ADDENDA, 1907. 


4a. A special method of azimuth measurement has beon adopted for use in the fire 
control of field artillery. The unit, called a mil, is the arc whose length is one one- 
thousandth of the radius, By computation this arc is 3’.437-+. This length is not 
commensurate with the length of the circle being contained in it 6,283.24 times. 
For convenience of graduation, the circle is divided into 6,400 equal parts, assumed 
to be mils, the angular value of each’ of which is 3’,375, differing from the computed 
value by nearly 2 %, which error enters into all determinations and is neglected, 


Each change of 1 mil in az. corresponds to a change in position in a direction per- 
pendicular to the line of sight of one one-thousandth of the range. This method 
“reduces all elements of fire control to functions of the range. a 


8a. The prismatic compass, model 1906, is shown in fig. 67c, p. 93, It differs from 
the types described in par. 8 in having the protective cover and leaf sight combined 
as shown in the figure, The inner glaas cover of the full size of the case protects the 
card, The middle cover is hinged and the front sight is provided by a slit in the 
cover, in the middle of which is a thin metal strip. Holes and screws are provided 
2 perme the convenient attachment of a wire or thread in case the sighting strip is 
roken, 


13a, The clinometer level, model 1908, fig. 67b, differs from the type shown in fig. 
4,in having a tangent screw, A, a reading glass, B, and in having supporting 
brackets in the angle between the top of the sight tube and the graduated arc to 
prevent the latter from being bent. 


l4a, The gravity clinometer adopted in 1906 is shown in fig. 67d. It consista 
of a circular case in which is a graduated circle controlled bya pendulum. The line 
of sight is through the peep L and a glass-covered opening at M@. The zero line is 
engraved on the glass. A mirror near the center refiects the scale back to the peep. 
Looking through the instrument the object is seen on the zero line, and at one end 
of the latter a graduation of the acale is visihle. The graduations are from zero at 
the horizontal each way to 45°, the graduations and numbers for elevation being in 
red and those for depression in black. 


A’sliding bar at H unlocks the spring-controlled stop, which, when pressed, frees 
the pendulum and graduated circle, and when released stops them again. 


To use, move the locking bar F to free the stop H; hold the instrument in the left 


hend with the forefinger on the stop; depress stop; bring lino of sight on object and 
Tead. 
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TaBLe I. 


12. Comparison of the different methods of expressing gradients: 


In this table the different methods of expressing gradients have their values given 
for the usual range and to the customary degree of accuracy of their use. 


Angl Ft. per 100ft.| Ft. to the | 1 vertical om | 1 horizontal | Batter ins. 
ngte. hor., or %. | mile, hor. or in— to— to the foot, 
Degrees. Horizontal. Vertical. 
0.44 23 229° seco e ees bee so esas 
% 87 46. 1 Tbe” \)esrees been! : 
oA 1.31 69.1 16 : 
1 1.74 92.2 67 a 
1% 2.18 115.1 46 = 
14 2. 62 138.3 38 = 
184 3. 06 161.2 33 S 
2 3.49 "184.4 29 = 
4 4.37 230.5 23 : 
3 5,24 276.7 19 . 
3% 6.12 322.9 16 = 
4 6.99 369, 2 14 = 
‘ay 7.87 415.5 13 : 
5 8.75 461.9 11.4 
6 10.61 555 9.6 es 
7 p75) EA ee 8.1 <j 
8 14. 05 71 # 
9 + 6.3 ~ 
10 6.7 = 
15 3.7 . 
20 2.7 - 
25 21 = 
30 1.7 5 
40 5 ed eee, es 
45 1 1 = 
BO cee os oe 1,2 - 
60 = 1.7 = 
65 eo 2.1 “ 
70 2 2.7 im 
75 a 3.7 
80 i 5.7 
81 = 6.3 
82 2 TAL 
83 se 8.1 
84 al 9.5 
85 | 11.4 
8534 fi 13 
86 aes, 14 
86% me 16 
87 x 19 
gilg ef 23 
88 x 29 
88 iS 33 
6, am 38 
8887 a 46 
eee en 57 
89: Z 76 
ans) = 115 
$0, eee a a ee 
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13. The clinometer is tho instrument adopted for measuring gradients, with the 
horizontal plane indicated by a spirit level. It consists, fig. 4, of a sight-tube, 4, 
with a graduated vertical arc, B, fastened to it, and a level-tube, C, with attached 
index arm, D, revolving about a horizontal axis through the center of the vertical 
arm. The base of the sight-tube is a plane parallel to the line of sight. Under the 
center of the level-tube is an opening in the sight-tube, inside of which is a mirror 
occupying one-half the width of the sight-tube and facing the eye end at an angle 
of 45° with the line of sight. A horizontal wire extends across the middle of the 
sight-tube in front of the mirror. When the bubble is brought to the center, its 
reflected image seen from the eye end appears to be bisected by the wire. 


The central position of the bubble indicates that the level-tube is horizontal, and 
the reading of the index arm upon the arc is the angle between the axis of the level- 
tuhe and the line of sight. This reading should be 0° when these lines are parallel. 
The vertical arc is graduated each way from 0° at its middle point. The index arm 
has a double vernier whose smallest reading is 10’ of arc. Gradients of more than 
15° are difficult to measure on account of the foreshortening of the level-tube as 
reflected in the mirror, See par. 13a, p, 15. 


When the vernier is set at 0°, the instrument may be used as a hand level to locate 
points at the same elevation as the eye. The graduation on the inner edge of the 
vertical limb corresponds to the ordinary fractional method of iudicating slopes, as 
lon 2,l10n 10, etc. This scale should be read on the forward edge of the index arm, 
or in some forms on a special index mark on a shorter part of the arm. 


The level=tube is made parallel to the sight-tube by the adjusting screws 
E, fig. 4. To test and correct the adjustment, place the instrument on a smooth 
surface, the more nearly horizontal the better, and mark carefully the position of 
one side aad one end of the sight-tube. Center the bubble by moving the index 
arm, and read the vernier. Reverse the instrument, bringing the other side and 
end of the sight-tube to the marks. Center the bubble by moving the index arm, 
and read again. Note and record for each reading its direction from 0°, whether 
toward or away from the eye end of the sight-tube. Note and record also the loca- 
tion of the eye end in each position with respect to some fixed object, so that the in- 
strument can be replaced iu the first position or second position at will. 


If the first and second readings are the same, the adjustment is correct. If they 
differ, take the mean of the two and set the vernier at that reading on the side cor- 
responding to the first reading. Place the instrument in the first position and bring 
the bubbie to the center by means of the adjusting screws EZ. For a check, set the 
same reading on the side corresponding to the second reading and place the instru- 
ment in the second position. The bubble should come to the middle. 


14. The determination of gradients by the plumb line is quicker and sim- 
pler, but less precise than with the clinometer, though exact enough for ordinary 
purposes. Ifa line of sight be taken along the edge of a board and a line be drawn 
on the board perpendicular to the sighting edge, this line, when the board is held in 
a Vertical plane, will make the same angle with the plumb line that the sighting 
edge makes with the horizontal, or, in other words, will indicate the gradient, fig. 5. 


Such a construction is called a slope board and is readily improvised. The scale 
may be constructed by sweeping an arc of a circle AB, fig. 5, from the point C, at 
the intersection of the perpendicular and the sighting edge. From the perpendicular 
at D lay off each way on the arc chords equal in length to the radius CD divided by 
57.3. Itis convenient to take a radius of 5.73 ins., or 534 ins. scant, when the 
chords will be + in., or a radius of 73, ins., when the chords will be 34 in., accord- 
ingly as the scale ustdis graduated to 10ths or 8ths. 

Short radial lines drawn at the ends of the chords form a graduation in degrees, 
The scale may be drawn on the lower edge of the board by prolonging the radial 
lines as indicated in the figure. The plumb line is suspended from the point C. 


In use, the board is held so that the plumb line swings free but very close to the 
board. The sighting edge is directed to the object and when the line is steady the 
board is quickly tilted so that the line draws across the edge. The board is then 
turned toa horizontal position or nearly so, and the reading taken; or, when the 
line is steady, it may be pressed against the board with the finger and held in place 
until the reading is taken. With o straight scale and for steep grades, the latter 
method is better. See par. 14a, p. 15. 
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15. EBlevations.—From the slope and distance the elevation of a point above an 
assumed plane of reference may be derived. The difference of height of any two 
points is known by comparing their elevations above a common plane, called the 
plane of reference, or datum. 


The plane of reference is taken low enough so that no point of the area to be 
covered by the reconnaissance will be below it. This makes all elevations positive. 
Knowing the height of a point above this plane of reference, the elevation of any 
other point may be obtained by taking the gradient and distance to that point, deriv- 
ing from them the difference of height between the two points, and adding this dif- 
ference to the elevation of the first point if the gradient is rising, or subtracting it 
if the gradient is falling. 

The elevation for a given gradient and distance depends upon whether the distance 
is measured along the gradient or along the horizontal. Distances paced are along the 
gradient. Those measured with a chain will also usually be on the slope, thongh 
sometimes care is taken to hold the chain horizontal, in which case the table for 
horizontal distances is to be nsed. Those determined by intersections or scaled from 
@ map are along the horizontal. 


The differences of elevation corresponding to various gradients and any distances 
may be taken from the following tables. 


TaBre II. 


16. Differences of elevation for gradients of 0° to 30°, and horizontal distances, 


. 


Difference of elevation for horizontal distances of— 


Gradient in 
degrees, 
1, 2. 3. 4, 5. 6. Te 8. 8. 

% 00087 | 00174 | 00261 | 00348 | 00435 | 00522 | 00609 | 00696 | 00783 

1 00174 | 00340 | 00523 | 00698 | 00872 | 01047 | 01221 | 01396 | 01570 
1% 00262 | 00524 | 00786 | 01048 | 01310 | 01572 | 01834 | 02096 | 02358 
2 00349 | 00698 | 01047 | 01396 | 01745 | 02094 | 02443 | 02792 | 03141 
24 00436. | 00872 | 01308 | 01744 | 02180 | 02616 | 03052 | 03488 | 03924 
3 00524 | 01048 | 01572 | 02096 | 02620 | 03144 | 03668 | 04192 | 04716 
4 | 00699 | 01398 | 02097 | 02797 | 03496 | 04195 | 04894 | 05594 | 06293 
5 00875 | 01750 | 02625 | 03500 | 04375 | 05250 | 06125 | 07000 | 07875 
6 01051 | 02102 | 03163 | 04204 | 05255 | 06306 | 07367 | 08408 | 00459 
7 01228 | 02456 | 03684 | 04912 | 06140 | 07368 | 08596 | 09824 | 11052 
8 01405 | 02810 | 04216 | 05621 | 07027 | 08432 | 09837 | 11243 | 12648 
9 01584 | 03168 | 04752 | 06336 | 07920 | 09504 | 11088 | 12672 | 14256 
10 01763 | 03526 | 05289 | 07053 | 08816 | 10579 | 12343 | 14106 | 15869 
12 02125 | 04251 | 06376 | 08502 | 10628 | 12753 | 14879 | 17004 | 19130 
14 02493 | 04986 | 07479 | 09973 | 12466 | 14059 | 17453 | 19946 | 22439 
18 02867 | 05734 | 08602 | 11469 | 14337 | 17204 | 20071 | 22939 | 25806 
18 03249 | 06498 | 09747 | 12996 | 16245 | 19494 | 22743 | 25992 | 29241 
20 03639 | 07279 | 10919 | 14558 | 18198 | 21838 | 25477 | 29117 | 32757 
22 04040 | 08080 | 12120 | 16161 | 20201 | 24241 | 28282 | 32322 | 36362 
24 04462 | 08904 | 13356 | 17809 | 22261 | 26713 | 31166 | 35618 | 40070 
26 04877 | 09754 | 14631 | 19509 | 24386 | 29263 | 34141 | 39018 | 43895 
28 05317 | 10634 ) 15951 | 21268 | 26585 | 31902 | 37219 | 42536 | 47853 
30 05773 | 11547 | 17320 | 23094 | 28867 | 34641 | 40414 | 46188 | 51961 


The diff. of elevation for any gradient and any hor. distance may be obtained by 
multiplying the dist. by the tang. of the angle or gradient, Table XIV. 
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Taste III. 


17. Differences of elevation for gradients of 0° to 30°, and distances measured 
on the slope. 


Difference of elevation for sloping distances of— 
Gradient in 
degrees. 
1. 2. 3. 4, 5. 6. 7. 8. 9% 

% 00087 | 00174 | 00262 | 00349 | 00436 | 00523 | 00611 | 00698 | 00785 

1 00174 | 00349 | 00523 | 00698 | 00873 | 01047 | 01222 | 01396 | 01571 
1% 00262 | 00523 | 00785 | 01047 | 01309 | 01571 | 01832 | 02094 | 02356 
2 00349 | 00698 | 01047 | 01396 | 01745 | 02094 | 02443 | 02792 | 03141 
2M 00436 | 00872 | 01308 | 01746 | 02181 | 02617 | 03053 | 03489 | 03926 
3 00523 | 01047 | 01570 } 02093 }) 02617 |) 03140 } 03663 ) 04187 | 04710 
4 00697 | 01395 | 02093 | 02790 | 03488 | 04185 | 04883 | 05580 | 06278 
5 00871 | 01743 | 02615 | 03486 | 04358 | 05229 | 06101 | 06972 | 07844 
6 01045 | 02090 } 03136 | 04181 | 05226 | 06272 | 07317 | 08362 | 09407 
7 01219 | 02437 | 03656 | 04875 | 06093 | 07312 | 08531 | 09749 | 10968 
8 01392 | 02783 | 04175 | 06567 | 06959 | 08350 | 09742 | 11134 | 12525 
9 01564 | 03129 | 04693 | 06257 | 07822 | 09386 | 10950 | 12515 | 14079 
10 01736 | 03473 | 05209 | 06946 | 08682 | 10419 | 12155 ; 13892 | 15628 
12 02079 | 04158 | 06237 | 08316 | 10395 | 12475 | 14554 | 16633 | 18712 
14 02419 | 04838 | 07258 | 09677 | 12096 | 14515 | 16934 | 19354 | 21773 
16 02756 | 05513 | 08269 | 11025 | 13782 | 16538 | 19294 | 22051 | 24807 
18 03090 | 06180 | 09270 | 12361 | 15451 | 18541 | 21631 | 24721 | 27811 
20 03420 | 06840 | 10261 | 13681 | 17101 | 20521 | 23941 | 27362 | 30782 
22 03746 | 07492 | 11238 | 14984 | 18730 | 22476 | 26222 | 29968 | 33714 
24 04067 | 08135 | 12202 | 16269 | 20337 | 24404 | 28471 | 32539 | 36606 
26 04384 | 08767 } 13151 | 17535 | 21918 | 26302 | 30686 | 35070 | 39453 
28 04695 | 09389 | 14084 | 18779 | 23473 | 28168 | 32863 | 37658 | 42252 
30 05000 | 10000 | 15000 | 20000 | 25000 | 30000 | 35000 | 40000 | 45000 


The diff. of elevation for any sloping distance and any angle or gradient may be 
found by multiplying the dist. by the sime of the angle, Table XIV. 
Kxplanation of use of Tables II and III: 


Rule.—From the line of the given gradient, take out the tabular numbers corre- 
sponding to each of the figures of the given distance, beginning at the right, and set 
them down; each one place to the left of the one above it. Retain the ciphers at 
the beginning of the last tabular numher taken out, if any. Other left-hand ciphers 
may he dropped. 

Add the tabular numbers, and point off from the left the number of places equal 
to that of the left-hand figure of the distance, counting any left-hand ciphers. The 
result is the difference of elevation, in the same unit as the distance, 


_Examples.—For the diff. of elevation corresponding to a gradient of 3° and a 
distance of 6,273 ft., on the slope— 


From Table III-— 


For 8 opp. 3° and under 3, 1570 

For,7 opp. 3° and under 7, 3663 

For'2 opp. 3° and under 2, 1047 

For 6 opp. 3° and under 6, 03140 retain leading cipher. 


Aa 6 is in 4th place, point off 4, 0328. 2900 
Diff. of elevation = 328,29 ft. 
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2d. What diff. of elevation for gradient of 5°, and horizontal distance of 7,180.56 yds.? 
From Table 11— 


Opp. 5° and under 6, 5250 

Opp. 5° and under 5, 4875 

Opp. 5° and under 8, 7000 

Opp. 5° and under 1, 875 

Opp. 5° and under 7, 06125, retain leading cipher. 


7 isin 4th place, point off 4, 0628, 299000 
Diff. of elevation = 628.299 yds. 


18. Barometric leveling.—The weight of the atmosphere at sea level is 14.703 
lbs. per sq. in., equal to the weight of a column of mercury 29.92 in. high, or a 
column of fresh water 34.7 ft. high. 


The aneroid barometer records the pressure of the atmosphere in inches, the 
same as a mercurial barometer, tbe reading being taken from a pointer moving on 
a circular scale. It must be carefully handled as it is sensitive to sbocks, A screw 
head will be seen through a bole in the back of the outer case by which the needle 
may be brought to any desired reading, and the instrument corrected whenever it 
can be compared with a standard. With the aneroid, corrections for instrumental 
temperature can not be made, and for this reason smal! pocket instruments are 
preferable, as carried in the pocket they are not exposed to so great changes in thia 
respect. 


The pressure of the atmosphere varies with the altitude above sea level, and 
it also varies with the moisture, temperature, and latitude, which do not depend 
upon the altitude. 


In measuring altitudes with the barometer these other causes of variation must 
be eliminated so far as possible. It is best done by simultaneous observation at both 
stations, If the stations are not far apart all disturbing conditions will be substan- 
tially the same at each and therefore eliminated, except temperature, which, with 
considerable difference of altitude, will always be less at the upper than at the lower 
station. 


If simultaneous observations can not be made, the stations should be occupied with 
as little interval of time between as possible, and better results will be obtained if the 
time of observation can be so chosen as to take advantage of calm, bright, dry 
weather. 


When the bygrometric conditions are very uniform an aneroid read at intervals 
on a day’s march over a rough country will give a fairly good idea of the profile. 
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19. Table of elevations above sea level from barometer readings (United States 
Coast and Geodetic Survey), for mean hygrometric conditions and mean temperature 


of 60° F.: 
Barow-| Altitude | ,,- Barom- | Altitude | 7. Barom-| Altitude |,,. 
eter above ne eter above eae eter above ae 
reading.| sea level.| “"" * |lreading.| sea level.) “°° |/reading.| sealevel.| ~~ 
Inches. Feet. Feet Inches. Feet. Feet. Inches, Feet, Feet, 
18.0 |. 18,918 | —15.1 22.2 8, 204 | —12.2 26.4 3,483 |. —10,3 
«1 | 18,767 15.0 a] 8, 082 12.2 5 3, 380 10.3 
.2! 18,617 14.9 a4 7, 960 12,2 .6 3,277 10.2 
.3) 13,468 14,9 7) 7, 838 12.1 eT 3,175 10.2 
«4 ] 18,319 14.7 6 7,717 12.0 -8 3, 073 10.1 
-6 | 13,172 14,7 “7 7,597 12.0 9 2,972 10.1 
.6 | 13,025 14.6 .8 7,417 119 27.0 2, 871 10.1 
.T] 12,879 14.6 9 7, 858 11.9 “1 2, 770 10.0 
.8 | 12,733 14.4 23.0 7, 239 11.8 -2 2,670 10,0 
9} 12,589 14.4 ee 7,121 11.7 3 2,570 10.0 
19.0 | 12,445 14,3 ay 7, 004 11.7 4 2,470 9.9 
-L | 12,302 14.2 .3 6, 887 11.7 i) 2,371 9.9 
-2|] 12,160 14,2 4 6,770 11.6 6 2,272 9.9 
-3 | 12,018 14.1 a] 6, 654 11.6 7 2,173 9.9 
.4] 11,877 14.0 -6| ‘6,538 11.5 8 2, 075 9.8 
.5 | 11,787 13.9 27 6, 423 11.5 a) 1,977 9.8 
6] 11,598 13.9 8 6, 308 11.4 28.0 1, 880 9.7 
-T| 11,459 13.8 9 6,194 11.4 fl 1, 783 9.7 
-8] 11,321 13.7 24.0 6, 080 11.3 +2 1, 686 9.7 
+9] 1,184 13.7 v1 5, 967 11.3 +3 1, 589 9.7 
20.0 | 11,047 13.6 2 5, 864 11.3 «4 1, 493 9.6 
~  .1 4 10,911 13.5 13 5, 741 11.2 az) 1, 397 9.6 
-2| 10,776 13.4 4 5, 629 11.1 -6 1,302 9.5 
-3 | 10,642 13.4 5 5,518 11.1 “7 1,207 9.5 
-4 | 10,508 13.3 +6 5,407 11.1 8 1,112 9.5 
«6 | 10,375 13.3 -T 5, 296 11.0 .9 1,018 9.4 
-6 ) 10,242 13.2 8 5, 186 10.9 29.0 924 9.4 
-7 | 10,110 13,1 9 5,077 10.9 1 830 9.4 
8 9,979 13,1 25,0 4, 968 10.9 2 736 9.3 
9 9, 248 13.0 1 4, 859 10.8 3 643 9.3 
21.0 9,718 12.9 +2 4, 751 10.8 4 550 9.2 
al 9,589 12.9 a3 4, 643 10.8 5 458 9,2 
2 9, 460 12.8 4 4,535 10.7 6 366 9.2 
3 9, 332 12.8 6 4, 428 10.7 +7 274 9.2 
4 9, 204 12.7 6 4,321 10.6 8 182 9.1 
i) 9,077 12.6 27 4,215 10.6 9 91 9.1 
6 8,951 12,6 8 4,109 10.5 30,0 00 9.1 
7 8, 825 12.6 9 4, 004 10.5 ol — 91 9.0 
8 8,700 12,5 26.0 3, 899 10,5 2 —181 9.0 
9 8,575 12.4 1 3, 794 10.4 13 —271 9.0 
22.0 8,451 12,4 2 3, 690 10.4 4 —361 9.0 
1 8, 327 12.3 .3 3, 586 10.3 5 ~451 8.9 
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20. Coefficients for temperature correction.—Argument (t+¢’) = Sum of 
temperatures at the two stations: 


5 x yl 
t4t'. Coefficient C. t4t’. Coefficient C. t+’. Coefficient C. 
° . fe} o 
0 —0. 1024 60 —0.0380 || 120 +0, 0262 
10 —0. 0916 70 —0. 0273 130 +0, 0368 
20 . —0. 0806 80 —0. 0166 140 +0, 0472 
30 —0. 0698 90 —0. 0058 150 +0. 0575 
40 —0. 0502 100 +0. 0049 160 +0. 0677 
50 —0. 0486 , 110 +0. 0156 170 +0, 0779 
60 —0. 0380 120 +0. 0262 180 +0, 0879 
Examples: 
‘ Barome- | Temper- 
Station. ter. ature, 
Inches. oF, 
59.9 
42.1 
From table of elevations.--______ Sacramento = —12.7 
Summit = 6,901.0 
. ‘ Diff. = 6,913.7 
t+ = 102° 


1. @ = +0. 0070 . 
.'. Temperature correction, 6,913.7 « 0.007 = +48.4 


H = 6,962.1 feet. 


Barome- | Temper- 


Station. ter. ature, 


Inches. oF, 
28. 075 67.3 
22, 476 38.5 


t+) = 95°,08 
ww. O = +0.0004 
. . Temperature correction, 6,060 x 0.0004 


II 


42.4 


IT = 6,062. 4 feet. 
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21, Use of compasses.—A good needle requires time to settle even when the 
case is firmly supported, and the user should cultivate the knack of catching it at 
the middle of its swing, which is the desired reading. If the compass can be sup- 
ported, itis always better to dose. Then the sight can be carefully taken and the 
position of the eye changed to read the needle, Wait till the swing gets down to 
4° or 5°, which it will usually do in a few seconds. Then catch the highest and 
the lowest readings on the same swing and take their mean for the true reading. 
If the first swings are vory large, catch the needle with the stop near the middle of 
the swing and release it quickly. This will suddenly check the swings and shorten 
the time in which the reading can he taken. 


In using the box compass without a support, hold it sufficiently helow the eye so 
that the swing of the needle can be seen. Point the edge of the lid in the required 
direction, catch the needJe with the stop in the middle of a swing and hold it stopped 
until the reading is taken. Stop readings are less accurate than sight readings, as 
the needle may be displaced slightly when off the pivot. When the stop is used press 
it quickly and firmly. Always sight a fixed-card compass from the south end of the 
card and read the north end of the needle. . 


With the prismatic compass the stop is not used except to check the swings. 
Utilize a support if practicable. The prism having been adjusted for focus, as 
already explained, par. 8, adjust the case so as to bring the scale into focus, and 
when the swings become small, read the extremes and take the mean. 


Compasses for night marching are on the market, but are not very reliable. They 
have the dial rendered luminous by a paint. After exposure to the gun or strong 
daylight, they give off ligbt, at first rather strong, but rapidly diminishing in inten- 
sity. After a few hours they are not bright enough to be of much use, 


The surest preparation for night marching is a provision for illuminating the 
compass by ordinary means without allowing the light to be seen. 


22. To determine the declination of the compass: 


1st method ; from the sun,—Prick a small hole in a piece of tin or opaque paper and 
fix securely over the south edge of a table or other surface perfectly level, so that the 
sunlight coming through the hole will fall on a convenient place on the surface, fig. 9. 
The hole may be 2 ft. above the table for long days and 18 ins. for short ones. Half 
an hour before to balf an bour after noon, mark the position of the spot of sunlight 
on the borizontal surface at equal time intervals of about 10 min. Draw a curve as 
bd, fig. 9, through the points marked, and from point ¢ in the horizontal surface and 
in a vertical line with the hole a sweep an arc ef intersecting bd in two points. The 
line cg, drawn from ¢ through a point on the are midway between the iutersections, 
is the true meridian. The line 6d illustrates the method merely. Its form varies 
with the sun’s declination. 


2d method; from the sun or a star.—Observe the magnetic hearing of the sun, a 
planet, or a bright star at rising and ‘setting on the same day, or at setting on one 
day and at rising on the next. Take the difference between the sum of the rising 
and setting azimuths and 360°. One-half of this difference is the declination of the 
eompass or variation of the needle, east if the sum of the azimuths is ess than 360°; 
west, if it is greater. In using this method, the observations are better taken 
when the object is just above the true borizon, or ata gradient of zero, . This can 
usually be done if a high point is chosen for the observations. If it can not be 
done, be careful to take both observations with the object at the same gradient. 
This is most important with the sun, Under the least favorable conditions, 
an inequality of 1° in the gradients at the times of observation on the sun may intro- 
duce an error of 14° in the result. If using a star, choose one which rises nearly 
east from the point of observation, and, the inequality of a degree in gradients will 
not be material. 


The change in declination of the sun between observations can not affect the result 
more than 24°. 


Both observations need not be made at the same point, but should not be more 
than 10 miles apart in east and west, or north and south directions. 


The two foregoing methods are applicable in the northern or southern hemisphere. 


3d method; from Polaris.—The true north pole is about 1° 12’ distant from Polaris 
on a line joining that star with one in the handle of the dipper, and another in Cas- 
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siopeia’a Chair, fig. 10. One of these stars can be seen whenever Polaris ia visible. 
The polar distance of Polaris is decreasing at the rate of 19” a year. It also varies 
during the year by as much as 1’, The latter variation may be neglected, and the 
former also for a series of years. = 


Imagine Polaris to be the center of a clock dial, with the line joining 12 and 6 o’clock 
vertical und with the position of one of the lines described considered as the hour 
hand of the clock. ‘The distance in azimuth of Polaris from the true north may be 
taken from the following table: 


TABLE VI. 


23. Table showing the azimuths of Polaris in different positions with respect 
to the pole. Epoch 1911; polar distance 70’, Latitude 0° to 18° north. This table 
may be used until 1930. 


Clock reading of—| Azj- || Clock reading of— Clock reading of — F 

muth Azimuth Azi- 

of of muth 

& U 2 o |Polar- Cy aa Polaris, é aes -s poe 
Cass. Maj. is, Cass. Maj. Cass, Maj. fe 
, fe} , io} Pi 
XII:30 VI:30 18 |) ITIT:30 X:30 49 j| VIII II 358 69 
I VII 35 v XI 35 IX III 358 50 
1:30 | VII:30 49 V:30 XI;80 18 x IIlI 358 59 
Il VIII 6L VI:30 | XITI:30 | 369 42 X:30 | 1TI1:30 | 359 11 
III Ix 70 || VII I 359 26 XI v 359 25 
IIII° x 61 | VII:30 1:30 | 359 11 ||; X1:30 V:30 | 369 42 


For higher latitudes add to the small azimuths or subtract from the large ones, as 
follows: 


Lat, 19°—30°, 2,. Lat. 519°—-53°, f,. 
Lat. 319°—37°, vy. Lat. 56°87, yo. 
Lat. 38°—42°, 3. Lat. 58°—599, 48, 
Lat. 43°—46°, 4, Lat. 60°—61°, fy. 


Lat. 47°—60°, 


It is well to keep track of the position of Polaris by noting it frequently and taking 
the corresponding clock time. Then if on a cloudy night a glimpse of Polaris is had, 
the observation may be taken even though the other staracan not be seen, 


24. For practical details of the observation, the following may serve as a 
guide: Select aclear space of level ground not too near buildings or any object 
which might cause local disturbance of the needle. Drive a picket, leaving its top 
smooth and level, about 18 ins. above the ground. Six feet north of the picket sus- 
pend a plumb line from a point high enough so that Polaris, seen from the top of 
the picket, will be near the top of the line, fig. 11. Tbe line should be hard and 
smooth, about jj; in. diam. The weight at tbe bottom of the line should hang in a 
vessel of water or in a hole dug in the ground to lessen its vibration. Drive a sec- 
ond picket in range with the first one and the plumb line, a short distance north of 
the latter. Makea peep sight by punching a hole about 7, in. diam. in a piece of 
paper and hold it on tbe top of the first picket; adjust it so that the star is behind 
the plumb line when looking through the peep. Note the position of one of the 
stars on the imaginary clock face at the moment the observation is taken. Mark 
the position of the peep on the top of the first picket, and lay a straightedge or 
stretch a line from that point touching the plumb line to the second picket. Place 
the north-and-south edge of the compass box against the line or straightedge, and 
Mab oe needle. Hind the azimuth of the star at the time of observation from 

able VI. 
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If the az. of Polaris rant VI) and the reading of the needle are both less 
or both greater than 180°, their diff. is the declination; east if the needle read- 
ing is less, west if it is greater, If one of these quantities is less and the other 
greater than 180°, add 360° to the lesser and take the diff. which is the declination; 
east if after the addition is made the needle reading is less, west if it is greater 
than the tabulated az. 


This method will give results true to within 34°. 


25. Distances passed over are ordinarily measured by the stride of a man or a horse, 
or by the revolutions of a wheel. Distances not passed over are determined by 
intersection, or are estimated. 


Pacing on foot,—The length of a man’s pace at a natural walk is about 30 ins., 
varying somewhat above and below. Each sketcher must determine his own length 
of pace by walking several times over a known distance. An unnatural stride 
should never be taken. Knowing the length of a pace or step, the measurement of 
a distance is only a matter of counting steps. The counting may be done mentally, 
and with practice becomes 4 subconscious operation, leaving the attention free to 
take note of surrounding objects and conditions. The greatest danger is of dropping 
one hundred paces. It is better to keep a tally of the hundreds. See par. 25a, below. 


On level ground, carefui pacing will give distances correct to 3% or less. The 
normal length of pace decreases on slopes. The decrease varies with the slope and 
with the direction, whether ascending or descending. The following table gives the 
length of pace on slopes of 5° to 30°, corresponding to a normal pace on a level of 
30.4 ing, 


ABLE VIL. 
Slopes. oe | 5° | 10° | 15°°} 20° | 95° | 30° 
Length of step ascending____________ 30.4 | 27.6 | 24.4 | 22.1 | 19.7 | 17.8 | 15.0 
Length of step descending_--_-----__ 30.4 | 29.2 | 28.3 | 27.6 | 26.4 | 23.6 | 19.7 


For the same person, the length of step usually decreases with fatigue. Sketchers 
should test their pace when fresh and when tired, and if there is an appreciable 
difference, use one length:for the morning and the other length for the afternoon 
work. 


26. A distance ou a slope measured by foot pacing may be reduced to the correct 
horizonta] distance for plotting on the map by the following table, which takes ac- 
count of the decrease in length of pace, Table VII, and also of the reduction to the 
horizontal, Table XII. This table can be used only when the length of pace has 
been determined on level ground, which should usually be done. When a consid- 
erable stretch of road is found with fairly uniform slopes, a special average rating 
may be made over a distance involving a fairly representative range of slopes and 
this average rating may be used without reduction. 


ADDENDA, 1907. 


25a. A pace tally is issued for use when desired. It is the size and shape of an 
ordinary watch. ° 

28a. The most convenient timer for mounted pacing is the type known as the 
football watch. It has a stop and start arrangement independent of the fly back 
and gives a cumulative record of the times in motion. 
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Table VIII gives directly the horizontal equivalents of the distances usually 
occurring in foot pacing. If desired, other distances may be obtained by combina- 
tions, i‘ 


From 1 to 9, take ‘the first figure, left-hand cipher included, of 100 to 900 for the 
whole number and the second figure for the tenths. 


From 10 to 90, take the first two figures, left-hand ciphers included, of 100 to 900 
for the whole number andthe third figure for tenths, 


For 290 take 100 + 190; for 440 take 140 + 300, etc. 
Example: For the horizontal equivalent of 738 paces on a 5° rising slope, 
700 + 30 + § = 632.8 + 27.1 + 7.2 = 667.1. 


28. Pacing mounted,—The average walk of a horse ig a mile in 16 mins., or 384 
miles per hour, making 120 steps, covering 110 yds. per min., the step being 0.916 of 
a yd., or 33 ins. 


The average trot is a mile iu 8 mins., or 714 miles an hour, making 180 steps, cov- 
ering 220 yds. per min., the length of step being 1.22 yds. or 44 ins, 


It will generally be found more convenient in pacing, both on foot and 
mounted, to count the steps of one foot only, and multiply the number counted by 
the stride of one foot, which is twice the length of step given above. In this case, 
the number counted is doubled for use with the tables and scales given herein, 


Timlng.—Counting the steps of a horse diverts the attention more than is desir- 
able, and it is better to determine distances in mounted reconnaissance from the times 
occupied by the horse in passing over them. The rating is done by ascertaining the 
time required to pass over a known distance. Time and step ratings should be taken 
together by counting and timing at once. Ratings should be taken before the 
reconnaissance, if possible, but for short stretches of hasty work, the averages given 
above may be used without serious error. See par. 28a, p. 27. 


Horses travel better in pairs, and two men should be sent out together, one to do 
the sketching and the other to give his entire attention to taking the time and keep- 
ing his horse at a regular gait. It is better to rate the pairs together. If it has not 
been done, take the rate of the timer’s horse. 

When a sketclier is traveling with a party and must keep their gait, an occasional 
count of his horse’s steps for a minute or two will give a special scale for use in 
plotting. , 


29, The speed of a horse over road grades, even in moderately hilly countries, ia 
not affected by the slope sufficiently to make an allowance necessary. Distances up 
and down grades measured. by timing in mounted reconnaissance will require no 
correction except that to the horizontal, Table XII, which may be applied if the 
slopes exceed 5° or 6°, This statement does mot apply to distances measured by 
mounted pacing or counting the steps of a horse. 


30. The walk is the normal gait for reconnaissance.—If greater speed is 
necessary, the timer may go on while the sketcher is taking angles and plotting; 
the latter taking the trot or the gallop and overtaking the timer just before he 
reaches the next station, This method should be used only when the required dis- 
tance can not be covered at a walk. 


If circumstances require short distances to be covered at a trot or gallop, the times 
may be reduced to walking time by multiplying by 2 for the trot and 3 for the 


gallop. 


81, The odometer is an instrument for recording the number of revolutions of a 
wheel, The adopted form is in a leather case, 44g ins, in diameter by 244 ins. 
thick, figs. 6,7,and 8. It ia attached by straps to the front wheel of ‘a wagon, fig. 6. 
To read, the case is opened, the registering train, fig. 7, withdrawn, and the 
number of revolutions read from the scale. Multiply the diameter of the wheel by 
3.1416 for the circumference; multiply the circumference by the number of revo- 
lutions for the distance traveled by the wagon. 

The bearings of the odometer must be kept free from grit and may be oiled with 


fine oil used sparingly; gummy oils or grease must not be used. If good oil ia not te 
be had, rub the bearings with a soft lead pencil. 
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Odometer readings are valuable as a rough check on a day’s march. They are not. 
accurate, but are free from large errors. ‘Two instruments on the same wagon will 
not always agree. On heavy roads, mud or sand, there is a slip, sometimes positive 
and sometimes negative. 


Tase IX. 


32. Number of revolutions per mile, of odometers attached to wheels 36 ins. 
to 48 ins, diam.: 
Diam. of wbeel: Revolutions. 


36 inches__. 
37 inches 


48 inches____._------__-___~~----~------------- -------. 


Sizes of wheels of some military wagons: Ambulance, 3614 ins.; ponton (light) 
tool and chess, 425¢ ins.; escort, 4434 ins.; ponton (heavy) 45 ins.; army six, 4714 ins, 


33. Estimation of distances is a knack which may be cultivated by practice to 
a degree of accuracy far beyond that which is at first attainable, and quite sufficient 
for the location of many objects off the traverse line. Short distances are more closely 
estimated than longer ones; those on a level, than those up or down hill. When 
the intermediate ground can be seen, the estimation will be closer than when it can 
not. 


A rough estimate of distance may be made from the velocity of sound, as by know- 
ing the time that elapses between seeing and hearing the discharge of a gun, or the 
fall of an ax. Note the time in seconds and multiply by £00 for the distance in yds. 


Distances across water are usually underestimated. The distance of the visible 


horizon on water in miles is 1.225 VE; ZH being the height of the observer above the 
water surface in feet. : 


A cartridge or other small heavy object fastened to a string 10 ins. long and al- 
lowed to swing through a small angle or arc will beat half seconds approximately. 


34, The location of a point by intersection is done by taking azimuths to it 
from two known points. As each of these azimuths when plotted must pass through 
the unknown point, it must be at their intersection. 


An observer at an unknown point may locate himself from two visible known 
points by taking an azimuth to each. From the known points plot the correspond- 
ing back azimuths and they will intersect at the point of observation. This process 
is called resection. It is subject to errors of local attraction. (Par. 9.) 


The accuracy of a location by intersection is affected by the relation of the azimuths 
and of the distances. The greatest accuracy results when the azimuths differ by 90° 
or 270° and the distances are equal; in which case the two azimuths and the base 
form a right-angled triangle. A difference of azimuths of less than 30° or more than 
330° should be avoided. 


Errors in length of the base, or distance between the known points, affect the 
distances in the same proportion. If the base is 5 or 10% in error, both the dis- 
tances will be in error in the same direction by the same percentage. 


Distances are most easily determined from intersections by plotting the points and 
scaling. The distances are horizontal. If gradients are taken at the same points as 
the azimuths or at one of them, the elevation of the unknown point may be deter- 
mined after the distance has been scaled, 
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35, Tape-chains are adapted for the accurate measurement of considerable dis- 
tances. The tape-chain isa steel tape detachable from the reel on which it is car- 
ried, and with a handle at each end. It is graduated in feet, the last foot to tenths 
and the last tenth to hundredths. ‘ 


Metallic tapes are of linen with wires woven in longitudinally. They are grad- 
uated in the same way as tape-chaing, and also in feet, incbes, and eighths. Metallic 
tapes are used for the exact measurement of short distances, as dimensions of build- 
ings, lengths of bridges, etc. They stretch slightly, but not enough to introduce 
appreciable error. 

In using tapes note carefully whether the small divisions are inches or tenths 
of feet. See that the first graduation is the proper distance from the end, and 
if the tape has been spliced note whether the graduations on either side of the splice 
are the right distance apart. 


Rules are used for measuring sbort distances and dimensions and are usually 
graduated in feet, inches, and sixteenths, fig. 45. 

Rules approximately correct may be improvised in several ways. If a rule or rod 
graduated to feet be grasped in both hands, palms down, with the outside edges of 
the hands at consecutive foot marks and tbe thumbs extended toward each other 
along the rule, the tips of the thumbs will meet or pass, and by carefully noting 
their relative positions a foot may be approximately reproduced at any timo by 
grasping a stick in the hands, placing the thumbs in the proper position, and mark- 
ing the outside of the hands. A length may be measured in feet by passing along it 
hand over hand, placing first the edges of the hands together and then the thumbs 
as described. 

Every military topographer should know the length of his shoc, his exact height, 
and the length of his forefinger. A copper cent is 34 in. in diameter. 

It is impracticable to adopt and adhere to one system of graduation. 
The decimal system is most convenient for computation. For field measurements 
an observer will make fewer mistakes with the system he is familiar with and should 
be allowed to use it. 


, The following table will convert units of one system into those of the other: 
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36. Table for conversion of inches and sixteenths into decimals of a foot 
and the reverse. "The quantities in the table are thousandths of a foot. The deci- 
mal point is omitted. 


wa olafalalsfala|alalalafa]e als |a 


000 | 005 | 010] 016 | 021 | 026 | 031 | 036 | 042 | 047 | 052 | 057 | 062 | 068 | 073 | 078 
083 | 089 | 004 | 099 | 104 | 109 | 115 | 120 | 125 | 130 | 135 | 141 | 146 | 151) 156 | 162 
167 | 172 | 177 | 182} 188 | 193 | 198 | 203 | 208 | 214 | 219 | 224 | 229 | 234 | 240 | 245 
250 | 255 | 260 | 265 | 271 | 276 | 281 | 286 | 292 | 297 | 302 | 307 | 313 | 318 | 323 | 328 
333 | 339 | 344 | 349 | 354 | 369 | 365 | 370 | 375 | 380 | 385 | 391 | 396 | 401 | 406 | 412 
422 | 427 | 432 | 438 | 443 | 448 | 453 | 458 | 464 | 469 | 474 | 479 | 484 | 490 | 495 
500 | 505. | 510 | 516 | 521 | 526 | 531 | 536 | 542 | 547 | 552 | 557 | 562 | 668 | 5731578 
583 | 589 | 504 | 599 | 604 | 609 | 615 | 620 | 625 | 630 | 635 | 641 | 646 | 651 | 656 | 662 
667 | 672 | 677 | 682 | 688 | 693 | 698 | 703 | 708 | '714 | 719 | 724 | 728 | 734) 740 | 745 
750 |:755 |'760| 766! 771 | 776 | 781 | 787 | 792 | 797 | 802 | 807 | 813 | 818 | 823 | 828 
833 | 839 je 849 | 864 | 869 | 865 | 870 | 875 | 880 | 885 | 891 | 896 | 901 | 906 | 912 


HP OODARTAWNHO 
» 
= 
5 


ee 


917 | 922 | 927 | 932 | 938 | 943 | 948 | 953 | 958 | 964 | 969 | 974 | 979 | 984 | 990 | 995 
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TaBLe XI. 


37. 16ths of an inch in decimals of an incn: 


vs | fe | os | to] te | | oe | oe | He | te | ie | 48 | a8 | te te 


063 | 125.| 188 | 250 | 313 | 375 438 | 500 | 563 | 625 | 688 | 760 | 813 | 875 938 


38. Reduction to the horizontal.—Distances measured along a slope may re- 
quire a correction before plotting them on a map, as all map distances are, or are 
supposed to be, measured in a horizontal plane. Such corrections, when made, are 
called reduction to the horizontal. The following table givos horizontal dis- 
tances corresponding to sloping distances for gradients up to 30°. This table is to 
be used in the same way as Tables II and III. The correction for slopes of 6° and 
less is too small to be plotted on the customary scales and is nsually neglected. In 
flat or ordinary rolling country, the correction will rarely be necessary. 


TasLeE XII. 


39. Horizontal distances for gradients of 0° to 30° corresponding to distances 
on the slope: 


3 3 Horizontal distances for sloping distances of— 

we 

ae : 

Sa] hb 2. 3. 4. 5. 6. 7. 8. | 9 
1] 09998 | 19997 | 29995 | 39994 ; 49992 | 59991 ; 69989 | 79988 | 89986 
2] 09994 | 19988 | 29982 | 39976 | 49969 | 69963 | 69957 | 79951 | 89945 
3 | 09986 | 19972 | 29959 | 39945 | 49931 | 59918 | 69904 | 79890 | 89877 
4 | 09976 | 19951 | 29927 | 39902 | 49878] 69854 | 69829 | 79805 | 89781 
5 | 09962 | 19924 | 29886 | 39848 | 49810 | 59772 | 69733 | 79695 | 89657 
6 | 09945 | 19890 | 29836 | 39781 | 49726 | 659671 | 69616 | 79562 | 89507 
7] 09925 | 19851; 29776 | 39702.) 49627} 59553 | 69478 | 79404 | 89329 
8 | 09903 | 19805 | 29708 } 39611 |, 49513 | 59416 | 69319 | 79221 | 89124 
9} 09877 | 19764 | 29631 | 39507 | 49384 | 59261 | 69138 | 79015 | 88892 


10 | 09848 | 19696 | 29544 | 39392 | 49240 | 59088 | 68936 | 78785 ; 88633 
12 | 09781 | 19563 | 29344 | 30126! 48907 | 58689 | 68470 | 78252 | 88033 
14 | 09703 |] 19406 | 29108 | 38812; 48515 | 58218 | 67921 | 77624 | 87326 
16 | 09613 | 19225 | 28838 | 38450) 48062 | 57676 | 67288 | 76901 | 86513 
18 | 09510 | 19021 | 28532 | 38042 | 47653 | 67063 | 66574 | 76084 | 85595 
20; 09397 | 18794 | 28191 | 37688 | 46985 | 56381 | 65778 | 75175 | 84572 
22 | 09272 | 18544 | 27815 | 37087 | 46359 | 55631 | 64903 | 74175 | 83446 
24 | 09135 | 18271 | 27406 | 36542 | 45677 | 654813 | 63948 | 73084 | 82219 
25 | 09063 | 18126 | 27189.| 36252 | 45315 | 54378 | 63441 | 72505 | 81568 
26 | 08988 | 17976 | 26964; 35952} 44940 | 53928 | 62915 | 71903 | 80891 
27 | 08910; 17820 | 26730 | 35640 | 44550 | 53460 | 62370 | 71280 | 80190 
28 | 08829 | 17659 | 26488 | 35318 | 44147 | 62977 | 61806 | 70636 | 79465 
29 | 08746 | 17492 | 26238 | 34985 | 48731 | 52477 | 61223 | 69969 | 78716 
30 | 08660 | 17320 | 25981 | 34641 | 43301 | 51961 | 60622 | 69282 | 77942 


The hor. dist. corresponding to any sloping dist., and any angle or gradient may 
be found by multiplying the sloping distance by the cosine of the angle, Table XIV. 


40. The protractor is an angular scale of equal parts used for plotting azimuths. 
That adopted for reconnaissance is the rectangular form, figs. 12 and 13. It is 
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graduated on one face, which will be called the A face, fig. 12, from 0° to 180°, and 
on the other, or B face, fig. 18, from 180° to 360°. The graduation is clockwise on 
both faces. It has a scale of inches and tenths along one edge. The protractor may 
be used ag ruler, acale, triangle, and parallel ruler. 


To plot a given azimuth from a given point, draw a meridian through 
the point. If the azimuth is less than 18°, lay the protractor down A face up with 
the center at the point and the edge on the meridian, 0° to the north. Make a 
pencil dot on the paper at the proper graduation on the edge of the protractor. 
Move the protractor so that one of its edges passes through the two points and draw 
a line, which will be the desired azimuth. 


If the azimuth is more than 180°, lay the protractor down B face up, 360° to the 
north, and proceed ag before. The moving of the protractor after setting off the 
angle and before drawing the line may be avoided by adding a counter=clockwise 
graduation to the protractor. The sum of the two graduations at any point will be 
180°, Place the center of the protractor and the given azimuth, read on the 
counter-clockwise graduation, on a meridian, and slide the protractor up or down, 
keeping the two points on the meridian until one of the long edges passes through 
the given point, when the azimuth may be drawn along that edge. 

A semicircular protractor is shown in fig. 14. It is usually double graduated, in 
opposite directions from 0° to 180°. With this form an azimuth may be laid off and 
the line drawn along the diameter without moving the protractor. Lay the pro- 
tractor down with the center on a meridian. If the azimuth is less than 180°, place 
ita number of degrees on the counter=clockwise scale on the meridian north of the 
center, fig. 15, If it is greater than 180°, subtract its number of degrees from 360 
and place the difference on the clockwise scale over the N. end of the meridian, 
fig. 16. In either case slide the protractor up or down, keeping the center and the 
graduation on the meridian until the diam. passes through the point, when the 
az. may be drawn along the diameter of the protractor. Fig. 17 shows a triangle 
graduated for use as a protractor. 


41. Improvised protractors.—If a rule is at hand, a protractor may be made 
as described for slope board in par. 14 by extending the 1° graduations around a half 
or whole circle. If without compasses, measure off the radius on a piece of 
paper, stick a pin through one extremity for a center and a fine pencil point through 
the other extremity and sweep the circle. 


If without a rule, fold a piece of paper carefully through the middle. The 
folded edge should be straight. Place the ends of the folded edge together and fold 
again. The two edges now make an angle of 90°, Fold again through the middle 
and the angle will be 45°. Now fold in three parts and the angle is 15°. Spread 
the paper out flat and the creases will represent radii of 15° intervals. These may 
be divided into three equal parts by the eye, and the protractor will then read to 5°. 


The hour graduations of a watch are 30° apart, and the minutes 6°. 


42, The scale of a map is the ratio between dimensions on the map and the 
corresponding dimensions on the ground. If the lengths on map and ground were 
expressed in the same unit, the scale ratio would always be expressed by the number 
of ground units corresponding to tho map unit. If 1 in. (map) corresponds to 
120,000 ins. (ground), the ratio, or scale, is plainly 1+ 120,000, or as usually de- 
scribed, 1 to 120,000. This fraction is called the representative fraction, and 
designated R. F. But ground distances are so much greater than map distances that 
they are ordinarily expressed in a larger unit, which makes the scale ratio less 
apparent. If 1 in. (map) equals 10,000 ft. (ground), the scale is still 1 to 120,000 
because 10,000 ft. equal 120,000 ins. The map unit is aliost always inches. 
Hence, a good rule for obtaining the scale ratio is to reduce the given number of 
ground units to inches, which will indicate the ratio. 


Another method of stating scales, much employed in military map making, ig to 
take ratios which will give 4, 1, 2, 3, 6,12, or 15 ins. on the map to 1 mile on the 
ground, and call the scales 4, 1, 2, 3, 6, 12, or 16 ins. to the mile, Such scales can 
be put into terms which express the ratio by dividing 63,360, the number of ins. in 
1 mile, by the number of ins. given in the scale. Thus, 1 in. to1 mile equals 1 + 
63,360; 2 ins. to 1 mile equals 1 + 31,680; 3 ins. to 1 mile equals 1 -+- 21,120, ete. 
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The scale ratio is true for all units. If a scale ratio is 1 + 9,600, 1 in. (map) 
= 9,600 ins. (ground); 1 ft. (map) = 9,600 ft. (ground); 1 meter (map) = = 9,600 
meters (ground), etc. 


‘When the scale of a map is changed, as by reduction or enlargement, the ‘R, F. 
changes too, and hence the ratio should not be given on maps which are to be repro- 
duced. A finear scale should be drawn on eyery map. This will be enlarged 
or reduced with the map and will always be true. Such a scale is also very con- 
venient for taking distances from the map. It consists of a straight line divided into 
equal parts which are numbered with reference to the relation between distances on 
the ground and distances on the map. The nuipbers relate to distances on the 
ground and the graduations, or lengths sect off on the line, relate to distances on the 
map. A distance on the map equal to that from the zero of the scale to any gradua- 
tion corresponds to the distance on the ground represented by the number of that 
graduation. Scales are designated by the unit of their parts, as scales of miles, 
scales of feet, scales of meters, etc. « 


A scale might be constructed by drawing a scale of inches on the map and placing 
opposite the divisions the numbers expressing the equivalent ground distances. It 
is customary, however, because more convenient, to take the ‘numbers at intervals 
of 10, 100, or 1,000, or multiples of them, and make the divisions of the line corre- 
spond, A scale should be divided into a convenient number of equal parts called 
primary divisions. The zero should be between the first and second primary 
divisions, counting from the left. The primary divisions are numbered from the 
zero to the right. The primary division on the left of the zero is subdivided into 
smaller parts, called secondary divisions, and these are numbered from the zero 
to the left. The secondary are usually } or 7g of the primary divisions. 


To take off any distance from such a jeale, put one leg of the dividers on the 
primary division next below the distance sought, and the other leg on the secondary 
division corresponding to the remaining figures. 


Figs. 18 and 19 give scales for the usual range of topographic maps, which may be 
taken off on the edge of a strip of paper and transferred to amap. Jig. 20 gives 
scales for plotting distances measured by pacing on foot, and fig. 21 for those by 
pacing mounted. 


Scales may be constructed on strips of paper, wood, celluloid, or metal instead of 
on the map, and are then culled plotting scales. The scales given in figs. 18-21 
are plotting scales. A distance may be taken between dividers from any map and 
read by applying the dividers to the proper one of these scales. 


These scales are not engraved and can not be relied upon within 14. They are 


sufficiently exact for reconnaissance and, in fact, for most topographical (lrawing and 
scaling. 
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43. A series of points connected by azimuths and distances is called a traverse, 
and the operation of determining the azimuths and‘distances is called traversing. 
The latter term is usually extended to include all azimuths, distances and eleva- 
tions taken while running such a line, 


A traverse line with elevations along it may also becalled a profile, and when the 
traverse is run for the express purpose of taking the elevations, the operation is 
called profiling; and the line on the ground and the plot of it on paper, are called 
profiles. 


Distances in topography are so much greater than elevations that both can not 
conveniently be represented on the same scale. It ig usual to take a scale for eleva- 
tiong called the vertical scale, much larger than the scale of distances, or hori= 
zontal scale. The ratio of the two scales is called the distortion or exaggera- 
tion, Ten or 20 ft. to the in. isa common scale for elevations. If the horizontal 
scale is 8 ins. to the mile, the resulting distortions are 176 and 88 times. Both scales 
should always be written below every profile. 


Angles on a distorted profile are also distorted, and gradients can not be plotted or 
read with an ordinary protractor. ‘ 


Angles can be plotted or read on a profile by any of the other methods of express- 
ing gradients, par. 11 and Table I, The horizontal distance is plotted to the hori- 
zontal scale and the corresponding vertical distance to the vertical scale. A special 
protractor may be made for any given distortion and used to plot and read angles 
directly on a profile having that distortion. ‘To make such a protractor, lay offa 
distance of 100 to the horizontal scale. At one end of it erect a perpendioular, and 
lay off on this, from the intersection, distances corresponding to 1°, 2°, 3°, etc., 
Table I, col. 2. These distances must be laid off 10 the vertical scale.: Draw lines 
through the points on the perpendicular and the other end of the horizontal line. 
These nee represent the angles on the profile corresponding to the slopes on the 
ground, 


44, Fieldwork.—Measurements and additional notes may be recorded and affer- 
wards plotted on a map, or may be plotted on a map as taken, or the two operations 
may be combined, as circumstances demand. A written report also will often be 
reqnired, 


45, A road sketch consists of a map of the road with a narrow belt of country on 
either side. If roads, parallel and intersecting, are not too far apart, the road 
sketches may be combined into a fairly good map of the entire area, ‘ 


The road itself will, if practicable, be traversed with the degree of precision 
already indicated as required for topographical reconnaissance. If the country is 
open, so that long sights are possible, a trained observer will get better work by the 
use of the prismatic compass and clinometer. For shorter courses, when the object 
is of sufficient importance to use a chain for distances, the prismatic compass and 
clinometer should also be used and the readings taken with the greatest care. 


Usually, however, the box compass will be used for azimuths and the slope board - 
for gradients, or else the sketching case, to be described later, par. 54, 


Side features will, if important, be located by intersection; otherwise by estima- 
tion. A convenient method is to estimate the distance of an object when it bears at 
right angles to the course, and plot it.from that point. In such case the azimuth 
will be denoted by R or L. Thus, house 800 R would mean a house at a distance of 
300 units to the right, on a line at right angles to the course through the point 
where the observation was taken. 


46. Traversing with compass and notebook.—Rule a column 34 of an inch 
wide down the center of each left-hand page of the notebook. Select for the starting 
point some object or point which can be identified by description. Standing at this 
point, sight with the compass toward some object—tree, stump, telegraph pole, or 
stone—that will serve as the second station of the traverse line. Note the reading 
of the compass and record it in the center column of the notebook, at the bottom of 
the first left-hand page, making also the symbol for@1. Observe and record also 
the azimuths of any other objects which are to be located from @ 1. All the ob- 
servations taken at this station are written in order in the central column from the 
bottom upward and are bracketed together with the station symbol. The name of 
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each object is written on the same horizontal line with its azimuth, on the right side 
of the page if on the right of the traverse, and on the left side of the page if on the 
left.of the traverse, If elevations are to be obtained, observe the gradients from 


@ 1 to ibe several objects and place each in the notebook next to the corresponding 
azimuth. 


Proceed toward © 2, counting paces. Halt when necessary to sketch and measure 
offsets to objects on either side of the course, to take bearings of intersecting roada, 
paths, streams, etc. When a halt is made, a mark is scored on the ground, the dis- 
tance in paces from the last © recorded in the central column and the desired notes 
made. Distances along the main line, azimuths, and gradient angles only are 
recorded in the central column. Al) descriptive matter relative to side objects is 
placed outside of that column on the side corresponding to that where the objects 
lie. Return to the scored mark and resume the pacing, beginning with the number 
recorded at the halt, so that the total count of paces at any point shall be the number 
-taken since leaving the last ©. 


The center column of the page is taken to represent the line actually paced and to 
be without width, so that offsets in the side sketches are shown measured from the 
sides of the column and not from its center. 


* On reaching the second ©, record its distance from ©1; draw a horizontal line 
across the page; write © 2 in the center column above the line, and continue as 
before to ©3. 


It is well at ©2 to take a back azimuth on @©1. This should differ from the 
azimuth of © 2 from @1 by exactly 180°. A marked discrepancy indicates error in 
observation or the effect of local attraction on the needle, and should be investigated 
before proceeding. If a back azimnth is taken, it should be the first observation 
made and recorded. 


When opportunity offers, take bearings on distant bends of the road, spires, towers, 
hilltops, tall trees, etc., and enter the angles in the center column with the name of 
each object written beside its bearing. Endeavor to get bearings of the same dis- 
tant object from several stations or from two stations at some distance apart. These, 
when plotted, should intersect at a common point if the observed bearings are cor- 
rect and the compass has not suffered local disturbance. It is not to be expected in 
work of this grade that an exact intersection of more than two bearings can be 
obtained except by accident. 


When a sketcher at any point of the traverse finds himself in prolongation of a 
line that defines or bounds a feature of the country, such as a fence, the edge of 
a wood, a reach of shore line of river or lake, a gully, canyon, or.ridge, a face of a 
building, or a stretch of road or railroad, its bearing should be taken. The same 
rule should be observed when important features come into range with each other 
from a point on the traverse, A valuable check on the relative positions of such 
features is thus obtained. 


If a traverse line is interrupted by any obstacle that interferes with the measure- 
ment of distance, its width should be estimated and the pacing resnmed on the other 
side; or, for greater exactness, make an offset, perpendicular to the traverse line if 
possible, long enough to clear the obstacle, continue the traverse parallel to the 
original course and return to the latter after passing the obstacle by a second offset 
parallel and equal to the first and in the opposite direction; or, locate points on the 
farther side by intersections. 


47. The unit of measure should be clearly stated in the notes. Ordinarily 
distances along the course are in paces, while estimated offsets may be in paces, feet, 
yards, or fractions of a mile, according to their distances, and also according to the 
unit in which the sketcher finds he cau make the closest estimate. 


On the usual recounaissance scales, the dimensions of buildings, widths of roads, 
bridges, etc., can not be plotted to scale. They are shown exaggerated, and the 
true dimensions, if important, must be given in figures. 


48. The best method of plotting is to plot the traverse lines and the check 
bearings first. Then any error discovered by means of the latter, or by closure on 
the initial or other known point, can be more readily corrected. When the traverse 
line has been’ adjusted, the details on either side are plotted in and do not have to be 
changed. 
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The outfit desirable for the method of traversing with compass and notebook is 
the following: Notebook or sheets of paper ruled as described, prismatic or pocket, 
compass, pencil of medium hardness, rubber eraser, pocket knife, 25 ft. tape, a piece 
of twine 100 ft. long. The absolute necessities are the paper, the compass, pocket 
knife or pencil sharpener, and rubber-tipped pencil. The tape measure is to be used 
for making small measurements of distance or dimensions. The cord is useful for 
measuring depths of water, heights of structures, etc. It should be graduated to 
yards by knots. 


49. The topographic field notebook is designed to facilitate the foregoing 
method of traversing. In addition to the central column, it has columns on either 
side in which to record the offset distances, each of which is put down on the proper 
side of the central cblumn, avoiding the necessity of using the letters R and L, and 
eliminating the liability of mistakes in confusion of the direction. 


The opposite right-hand page is ruled in 1 in, squares, and has a full-circle pro- 
tractor graduated to degrees printed on it. This page facilitates a hasty plot of the 
traverse with respect to which many details can be sketched in more clearly and cer- 
tainly than they could be recorded in writing. At the bottom of the page are scales 
of tenths and eighths of inches. The alternate pairs of pages are plain ruled for 
notesand memoranda. Figs. 22 and 23 show the arrangement and illustrate the use 
of the book described, 


50. Traversing with compass and drawing board.—The observations are 
taken as in traversing with a notebook and compass, but the traverse line and such 
offsets a3 come within the limita of the sketch are plotted at once; that is, the map is 
drawn as the observer proceeds over the ground. A great advantage of this 
method is that any large error in measurement ia likely to be detected by the eye, 
as the map is compared with the ground, and errors can be corrected on the spot. 
The plotting scale of equal parts should be prepared beforehand to suit the scale of 
theimap. If thia scale can be pasted or drawn on the edge of the protractor opposite 

- the angular graduation, it is a convenience. 


The sides of the sheet of paper should be lettered N, EH, 8, and W to correspond 
with the points of the compass. If the ‘paper is ruled or water-lined, the lines are 
taken parallel to the magnetic meridian. 


Having observed the azimuth at © 1, draw through the point designating that 
station a line having the observed azimuth, Azimuth lines are erased finally asa 
rule, and hence should be lightly drawn and with a fairly hard pencil, Prolong this 
line in the direction of © 2 far enough to surely reach that @. If other azimuths 
are taken at © 1, plot them also, and note on each the object to which it bears. If 
the distance to the object is estimated, it may be laid off on the azimuth and the posi- 
tion of the object plotted at once. 


Proceeding toward © 2 totake any desired side shot, haltabreast of the object, plot 
the distance from © 1 on the course, estimate the distance to the object, and plot it 
in at that distance opposite the point plotted on the course and on the proper side, 


Arrived at © 2, lay off the entire distance from © 1, and plot and mark @2, Erase 
the azimuth line beyond © 2; take and plot any other desired azimuths. If any of 
them are to points previously sighted to, make the intersections and plot and mark 

. the points, In plotting azimuths to side objects, itis better to draw only a short part 
of the line near the object to avoid confusion of lines on the sketch and especially 
near the stution. 


61, The following outfit is desirable for traversing by this method: A thin, 
smooth board 12 x 15 ins. to which the paper is attached by thumbtacks or 
rubber bands, prismatic or pocket compass, clinometer or slope board, a rectangular 
protractor, a plotting scale, lead pencil, No. 3 or 4, rubber eraser, 25 ft, tape, 100 ft. 
of twine, watch, pocket knife, canvas cover for board and paper, notebook. A. field 
glass is also very useful. Good work can be done with a less elaborate outfit, or with 
improvised arrangements for some of those mentioned. The drawing board may be 
utilized as a slope board. . 


52. A road sketch will be long and narrow, and two or more stretches should 
be got on a board if possible. In this way a board of the size indicated will hold a 
fair day's work. When a section runsoff the paper mark it with a letter, as A, and 
make a note, Continued at B, Mark the beginning of the next section B and write 
Continued from A. : 
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Wherever else a road runs off the map, make a marginal note * To + 
miles,” giving the name and distance of nearest settlement or conspicuous topograph- 
ical feature. If the road crosses one parallel to the main route, write also “ To 
crossing, miles.’ 


53. Traversing with oriented drawing board.—A drawing is said to be ori- 
ented when so placed that its true meridian is parallel to the true meridian on the 
ground. When using magnetic azimuths, making the magnetic meridians—map and 
ground—parallel, may be accepted asa proper orientation. Whena map is oriented, 
with any given point vertically over the corresponding point on the ground, a ruler 
held on the point or station on the map, and pointed in the direction of any object 
gives the azimuth of that object on the map. No angular measurements need be 
made. A compass is not necessary, hut it is very convenient as it affords the quickest 
means of orienting the map. 


To run a traverse by this method, assume on the map the initial point and 
the magnetic meridian, selecting them so that the general direction of the traverse 
will coincide with the longest dimension of the paper. Place the board over the first 
station; lay the compass on it with the north-and-south line parallel to the assumed 
meridian, and turn the board until the needle reads north. The board is then ori- 
ented, and inust be in this position whenever a sight is taken, It should also bo level, 
as nearly as can be determined by the eye. 


Place a ruler on the station point of the map and sight it in the direction of any 
object which it is desired'to plot. Draw a line along the edge of the ruler and on it 
lay off to the adopted scale the distance of the object if known or assumed. When 
all the desired azimuths have been taken from the station, sight the ruler to the 
second station and draw its azimuth, and then proceed to that station, pacing the 
distance. Arrived at the forward station, plot the paced distance, orient the hoard 
over the station, and proceed as before. If any of the objects taken at the first sta- 
tion can be seen from the second, new azimuths may be taken to them which will 
locate them by intersection, fig. 24. If no compass is at band, orient the hoard 
arbitrarily at the first station, and at the second station orient it by placing the rnler 
on the line between the two, and sighting back to the station Just left. Fig. 25 shows 
the relative positions of board and ground at four successive stations. 


54. Traversing with sketching case.—The sketching case is a compact device 
for traversing by the oriented-map method. The simplest form issued to the serv- 
ice, usnally called the cavalry sketching case, is shown in fig. 26: The compass is 
set into the board, and a movable index is provided which can be revolved to place. 
it parallel to the assumed meridian on the map. When the needle is brought paral- 
lel to the wire the board is oriented. The needle may he parallel to the index wires, 
but end for end, or 180° out of its true position, in which case the sketvher is turned 
completely around. Sach a mistake is so great and so obvious that it needs no pre- 
veutive, but a sketcher may note at the outset whether the N or S end of the needle is 
toward the stud which moves the wires and keep it in this position. 


The ruler A is pivoted to a slide, moving in a slot in the radial arm B, pivoted in 
turn to the board near the compass. The screw C clamps the ruler and slide with 
respect to the arm, and the screw D clamps the arm on the hoard. The combination 
permits the ruler to be set on any point of the board and on any direction through 
that point and clamped thero. 


To facilitate road sketching rollers KK are provided, on which 30 or 40 ins. of 
paper may be placed. The paper should roll on and off the undersides of the rollers. 
If the traverse runs off either edge of the paper draw a meridian through the last 
station, roll back the paper until that station is off the board, plot the same station in 
anew assumed position with a new meridian through it, and continyo the sketch. 
When the paper is cut and one position of the station placed over the other with the 
two meridians coinciding, the two parts of the sketch are in their true relative 
positions. 


By clamping the rnler with the stud F engaged in the notch G, loosening the 
screw D and holding the board in a vertical plane, the case may be nsed as a slope 
board. The tops of the roller screws HH form a sighting line, and the angle is read 
from the left edge of the arm, on the scale across the bottom of the board. See par. 
S40, p. 92, 
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55, Another form of sketching case is shown in fig. 27. The radial arm of the 
cavalry case is replaced by two sliding motions at right angles to each other, which 
permit the compass to be placed over the pivot end of the ruler and bring it directly 
under the eye when aligning the ruler. Several minor details are worked out to 
promote convenience and accuracy of use. These advantages are secured at some 
sacrifice of simplicity and compactness, and this form of case will not stand as much 
rough usage as the cavalry case. 


66. Improvised instruments.—By the oriented-map method a very good sketch 
may be made with improvised instruments. Any smooth surface on which lines will 
show will answer for the board and paper, The edge of a book, an envelope, ora 
piece of paper. carefully folded makes the ruler. A narrow strip of paper folded 
double several times makes a scale of equal parts, See par. 56a, p. 69. 


57. A road reconnaissance should procure data‘on the following subjects: 


The road.—Gradients, especially the steepest; width of roadway; if paved, width, 
kind, and condition of paving; width and depth of side ditches, and whether wet or 
dry; if not paved, character of soil, sand, clay, or gravel; kind of fences and width 
between them. ‘The sketch should also show where the road is in embankment or 
cntting; where wagons can not double or pass, and where foot troops can not march 
along the side between the wagon track and the fences, 


Bridges.-—Material of piers and abutments; type and material of superstructure, 
as girder, truss, arch, suspension, wood, steel, stone, etc.; width of roadway, and 
clear headroom; safe load (see Bridges). Of bridges over the road, clear width and 
height; over streams, the nearest bridges above and below and whatever information 
can be obtained about them. 


The country.—Character of cultivation or natural vegetation; areas and density 
of timber, underbrush, vines, especially poisonous ones; marshes and fords, kinds of 
fences, nature of soil; general configuration of surface, especially high hills, long 
ridges or valleys, bluffs or slopes too steep to scale, and practicable rontes to their 
crests. : 


Streams crossed.—Name, width, depth, and surface velocity in swiftest current; 
velocity noted as sluggish, moderate, quick, or swift; elevation of high-water marks 
in relation to the road; which bank is the higher at crossing and above and below, 
and how much; accessibility of water for stock; fords at or near crossing; length, 
depth, and steepness of approaches; levees or embankments, height, and thickness 
on top; if navigahle, to what distance above and below and for what class of veasele— 
steamers, flatboats, rowboats. 


Towns and villages passed through.—Name, location on map, and population. 
Names of streets to be traversed. Material, as stone, brick, frame, log; size, 1, 2, 3 
stories, and distribution, close or scattered, of the houses in those streets; gradients 
of intersecting streets; location of railway depots, post, telegraph, and telephone 
offices; of drinking fountains and watering troughs; of elevators, storehouses, or 
other accumulations of food or forage; of blacksmith, wagon, and machine shops. 


When ordered to make a complete examination of a town or village, note 
besides the foregoing, location and size of principal buildings, balls, court and 
school houses, churches, banks, jails, and their ownership; sources, maximum 
quantity und distribution of water supply; sanitary conditions and disposal of wastes; 
location of railroads, depots, freight houses, sidings, etc.; for ali roads entering from 
the surrounding country the same information as scheduled above for streets; loca- 
tion and extent of open spaces, and of large substantial buildings standing apart; 
location and extent of high ground within range, especially that from which streets 
can be enfiladed. 


Railroads crossed.—Name, gauge, single or double track, sidings and loading 
platforms at point of crossing; crossing at grade, over or under; distance and name 
of nearest station each way; direction aud distance of nearest roundhouse, shops, etc. 


58. River reconnaissance.—Designate the banks as right or left, the right bank 
being that on the right hand when looking down the stream. If, when standing on 
the bank facing across the stream, the current flows from left to right, the observer 
is on the right bank; if from right to left, he is on the left bank, 7 
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Tf the stream is navigated, pilots and residents will know distances by channel 
between landings with sufficient accuracy for the purposes of a field reconnaissance. 
In making a traverse along the banks of the river, it may be desirable to cross from 

,one side to the other to save distance or avoid obstacles. When a crossing is to be 
made, at two or three stations from the point of crossing select a point on the other 
side and take an azimuth toit. From the last station take another azimuth to the 
selected point, locating it by intersection. If the conditions prevent an intersection, 
take an azimuth from the laat station to the point on the opposite bank and estimate 
the distance. 


The valley.—General configuration, heights of limiting ranges, and positions of 
passes or roads crossing them; commanding’ ground from which a stretch of the 
channel of considerable length can be enfiladed by artillery; forest growth on or 
near banks; soil and cultivation of the valley; roads parallel to river, and means of 
access to them from the river. 


The stream,—lIts width, depth, and velocity; navigability, as for steamboats, 
flatboats, rowboats, rafts, and head of navigation for each; nature of obstructions to 
navigation and possibility of removing or avoiding them; season of high and low 
water; average rise and fall; rapidity of rise and fall and causes; amount of drift; 
character of banks and relative command, Quality of water; amount and kind of 
sediment borne; usual period and thickness of ice, 


Tributaries and canals.—Width, depth, navigability, and means of crossing. 
Nature and purpose of canals; dimensions and lifts of locks; time for lockages; 
means of destroying locks and effect of destruction; floating plant found, 


Bridges and fords,—As in road report. Also for bridges note position of the 
channel and navigable width between piers; height of arches and lower cbords 
above the water at different stages; dimensions and operation of draw spans. Note 
the exact position of fords and the marks on both banks by which they may be found; 
length, width, and nature of bottom; velocity of current; position of deep holes; 
aids to crossing. Fords should not be more than 4 ft. 4 ins. for cavalry, 344 ft. for 
infantry, and 2 ft. 4ins. for guns and ammunition. Note nature of approaches to 
bridges and fords; width of roadway, slopes, soil, effect of weather and traffic. Note 
especially the defensibility of bridges and fords, 


Ferries, boats, and other means of crossing.—Position of ferries; approaches 
and practicability for horses and loaded wagons; sizes, number, and kinds of boats; 
method of propulsion; sites for military bridges or ferries; character of site for con- 
struction, use, and defense; proximity of islands and tributary streams; approaches 
and slope of hanks; width of river and maximum surface velocity of current; mate- 
rials for the construction or repair of boats, bridges, or ferries. 


Inundations,—Places suitable for inundations by damming or obstructing a nar- 
row bridge span, or by cutting a levee or dike. Note raised roads on ground liable 
to natural or artificial inundations and the safest route to follow by known land- 
marks when the road is overflowed. An extensiye inundation 2 ft. deep on level 
ground is a serious obstacle unless the roads are very sound and marked by trees, 
posts, etc. Even when so marked a dip in the roadbed of 3 or 4 ft. may render the 
road impassable. A railroad bed is soon washed out even by a slight overflow. 


59. Reconnaissance of a railroad.—Theline, Local name; terminal points and 
distances between stations and other points; gauge; single or double track; condition 
of roadbed, ties, and rails; drainage and liability to overflows or washouts; facilities 
for repair; condition of right of way for marching troops along the line. 


Tunnels and bridges.—Number and location; dimensions; strength of bridges; 
means of destroying and repairing; of blocking traffic. : 

Rolling stock.—Number and nature of engines and cars availgble; capacity for 
transporting troops between given points; facilities for constructing armored traina, 
as spare rails, old boilers, etc.; location and capacity of shops and store yards, 

Stations.—Name and location; facilities for entraining and detraining troops 
with wagons and horses; platforms on through line and sidings; ramps; side tracks, 
number and capacity; turntables; water tanka; fuel supply; storage facilities; der- 
ricks or cranes; cross-overs for teams and pedestrians. Facilities at hand for hos- 
pitals, camps, depots; for feeding men, heating coffee, watering horses during 
temporary halts, 
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Other communications.—Telegraph lines; number and location of stations; 
number of wires; connections; parallel highways, roads, rivers, or canals; means of 
access from same to railroad; junctions and crossings of other lines; relative eleva- 
tion; facilities for laying temporary switches and sidings at stations or between 
crossing lines. 


Defensibility.—Heights commanding line of road; defense of stations; defense of 
road and telegraph lines against raiding parties; structures exposed to demolition; 
defense and attack of same; defiles and river crossings. 


60. Reconnaissance of a wood or forest.—Note all roads and paths, and all 
hills, ravines, and streams within the wood or skirting the edges; kinds of trees, 
density and growth; underbrush, prevalence of poisonous shrubs and vines; marshy 
or large open spaces; practicability of forming new roads by cutting; creation of 
obstacles by felling trees; if there are no roads traverse the shortest practicable path 
between the point of entrance and point of exit, and mark boulders or blaze trees, 
set stakes, or otherwise indicate this path, and also give compass bearings of the 
route to be followed. Note the exterior forms of the woods, whether parts of the 
edge flank other parts; connection with neighboring pieces of wood by scattered 
trees or clearings; undulations of the ground that would give cover to attacking 
force or to defenders. 


61. Reconnaissance of mountains.—Note the number and positions of passes 
through the mountains, of roads and trails leading to these passes, their condition, 
practicability and means of repair; steepness of slopes on the sides of roads; means 
of constructing additional roads; water courses, their direction, nature, and time of 
floods; means of crossing. Note ravines and open glades on mountain sides, lookout 
points, and good signal stations; note time and duration of snowdrifts on roads or 
passes; depth of drifta and possibility of removing them or of traveling on the surface 
of the snow. Note extent and nature of forest growth. 


62. Reconnaissance for a camp or winter quarters—Site.—Location, eleva- 
tion, and area; sanitary features, such as drainage, dryness, and general character 
of top soil; proximity of swampy ground or stagnant ponds. 


Communications.—Sufficiency of existing roads and paths, maximum grades, 
probable condition under heavy traffic and in bad weather, location and kind of 
materials available for improvement or repair, railroad or water communication and 
terminal facilities of same. 


Waiter and fuel.—Location, kind, and quantity of fuel at hand; quality and 
quantity of water; faeilities for filling water carts, for watering animals and for 
wasbing and bathing; nature of supply, as wells, springs, running streams, and its 
reliability. 

Shelter and conveniences,—Proximity of trees, brush, wood, hay, and straw 
for huts and bedding; of markets; of towns and villages. 


Defensibility.—Location of outposts and guards; location and character of 
defensive positions in or near the camp; force required to hold positions which may 
command the camp. 


63, Reconnaissance of a position.—This problem usually includes the selection 
of the position, and is therefore tactical as well as topographical. Certain relations 
and conditions must be observed in the selection, and the extent and degree in which 
they are found must be clearly shown on the map or in the report. 


The length of the position, or its development along the firing line, should be 
proportional to the force available for its occupation. Exact rules can not be given, 
but 5,000 infantry per mile or 3 men per yard is the usual estimate. . 


The flanks n@ust be secure. Impassable natural features, a river, mountain, 
or stream form the best flank. Lacking these, a wood, a deep ravine, a cliff, ora 
high hill will serve. Even with these features absent a flank may be strengthened 
by the construction of a strong earthwork, but the general rule obtains that natural 
weakness of the flanks must be made up by a greater number of men, or by the sub- 


stitution of cavalry for infantry in case the ground favors the movements of mounted 
troops. 


If the flanks are naturally strong the line should be withdrawn to make the 
entire position reentrant; if the flanks are naturally weak the connecting line 
should be held straight or advanced so as to make the position straight or salient, 
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The depth of the position, or its extent in rear of the firing line, should afford 
natural cover for supports, reserves, and trains, which may require a total depth of 
800 to 2,400 yds.; but a short position may be relatively shallower than a long one. 
Three or four parallel ridges, 300 to 600 yds. apart, with the intervening grouud 
practicable, form an excellent position. If the first ridge is somewhat higher than 
the rest,so much the better. Whatever cover there may be for the component parts 
of the force, whether natural or artificial, fences, ditches, trees, etc., should be shown 
oF aes aoa If digging is necessary, its amount and the character of the soil should 

e stated. : 


Strong points in front of the line, which may be occupied as outposts, should 
be shown. 


Communication should be free in every direction, concealed so far as possible 
from the enemy’s view. ) 


Artillery positions are required when that arm is represented in the occupying 
force, as will usually be the case. They should permit the guns to sweep all ground 
in front of the position over which the enemy can advance, to the limit of effective 
range, Every point in front of the position and within range which commands any 
part of it, is an element of weakness. 


Ranges at which the enemy can be seen and reached by artillery fire; the points 
beyond rifle range covered by such fire and its relative command of adverse artillery 
positions should be shown or described. 


If possible, similar information should be obtained of the ground likely to be occu- 
pied by the euemy in forming for attack, or in taking up counter position. 


64. A position occupied by an enemy must be reconnoitered from a distance, 
and few details can actually be seen. Valuable inferences may be drawn by remem- 
bering that the enemy has probably chosen his position in accordance with the prin- 
ciples above given. 


Hepecial attention should be given to the flanks and the feasibility of turning one 
of them. 


65. A position sketch will usually be on a scale of 6 ins, or 12 ins, to the mile. 
It will be.found most convenient and expeditious to make it by the compass and 
drawing-board method, par. 50, or the method with oriented board alone, par. 53. 
The traverse will include the fewest points from which the entire area can be seen, 
often only two, and all other features will be located by intersections from these 
points. Elevations may be taken by slope board or clinometer, the height of the 
first point occupied being arbitrarily assumed if not known. 


If two points can be found which overlook the area in front of them and which 
are also visible from each other, the compass may be dispensed with except for 
a meridian. Measure the distance between the two points. Assume the position of 
one of the points and of the line joining them, so as to bring the desired area on the 
paper. From the first point lay off on the line the distance between the two points 
to the adopted scale and plot the second point. The line joining the two is called 
the base, and will be near one edge of the board, if all the area to be mapped is on 
one side of the line, or toward the middle if it is on both sides. 


Place the board over the first point; lay the ruler along the base and turn the 
board until the ruler points to the second point. Keep the board in this position 
and point the ruler successively to the objects to be located, drawing the lines as 
explained in par. 53, Gradients are written along the corresponding azimuths. 
One gradient should be taken to each point determined. 


Proceed to the second point. Lay the ruler along the base and point it to the first 
point. Point the ruler to the objects to be located, marking where it crosses the line 
to the same object drawn from the first point. 


66. Contouring isa method of exhibiting relief of ground by means of lines so 
drawn on a map as to indicate points of equal elevation. The lines so drawn ona 
map and the corresponding lines on the ground are called conteurs. The word con- 

‘touring is applied to the field work directed especially to obtaining data for drawing 
contours, 
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The difference of elevation of points in adjacent contours is called the contour 
interval, and is usuaily constant for all the contours on the same map. The hori- 
zontal distance between contours, measured in a radial direction with reference to 
the curvature of the contours will be referred to as contour distance, 


The theory of contouring is that no inadmissible error will be made by supposing 
the slope of the ground from a point in one contour to the corresponding point in the 
next, or along the contour distance, to bea straight line. The less the contour inter- 
val, the Jess error will be made. If in fig. 28 the curved line 4B represents theactual 
surface of the ground, and points 1, 3, 5, the elevation of successive contours, the 
broken line 1, 3, 5, will represent the assumed ground surface, and its departure from 
the line AB is the error introduced. If now the points 2, 4, and 6 are also determined, 
or the contour intervals be reduced one-half, the assumed slope is 1, 2, 3, 4, 5, 6, which 
differs less from the Jine AB than the line 1, 3; 5, and hence introduces less error. 
With points determined at very short intervals the error is practically eliminated. 


If contour distances decrease with elevation, or the contours become closer as 
they go higher, the slope is concave, and points between contours are lower than 
the straight line joining corresponding contour points. If the contours become closer 
as the ground falls, the ground is convex, or lies ahove the straight line joining cor- 
responding contour points. <A point of inflection, or change from convex to con- 
cave, is at the point where the contour distance is less or greater than those on either 
side of it. Equal contour distances correspond to uniform slope. 


67. One contour does not necessarily join all the points of the same elevation on 
the map but only those which have a continuous series of points of the same eleva- 
tion joining them. It may require several contours to take in all the points of a given 
elevation on the map. Parts of the same contour will appear as separate when the 
ground over which they could be connected is not‘on the map. The selection of the 
points to connect in one contour is the difficult part of the process and can not be 
done correctly without thorough knowledge of the principles of the method and a 
good idea of the general shape of the ground to be contoured. In military recon- 
naissance only enough elevations can usually be taken in the field to guide one who 
has seen and studied the ground in drawing the contours. No one who has not seen 
and studied the ground should be expected or permitted to draw contours from such 
data. Erroneous information may be worse than none at all. 


68. For equal contour intervals the map contours are closer together as the slope is 
steeper. It follows that for steep slopes the map contours will approach each other 
very closely, and for a vertical wall or cliff they will coincide. 


Ground contours can not cross, but map contours may cross in the very unusual 
case of a cave or a bluif overhanging by an amount which can be shown on the bori- 
zontal scale. This is so rare that it is usual to say that map contours can not cross. 


Every contour must close upon itself in a loop or else must extend unbroken from 
one point on the margin on the map to some other point on the margin. An excep- 
tion is made in the case of large streams, the contour on each bank beiug carried 
upstream until it cuts the water surface when it is dropped. The two ends must be 
directly opposite, fig. 29. In asmall stream or dry bed, the contour crosses at the 
point where the elevation of the bed is that of the contour, fig. 30. 


Maximum ridge and minimum valley contours go in pairs. A single lower 
contour can not He between two higher ones, or a single higher between two lower. 
When two adjacent contours have the same elevation, the ground between 
them will be still lower if they are valley, or still higher if ridge contours. 


69, Contours are designated by their heights above a datum plane. The height is 
expressed in feet, except when the metric scale is used, when contour intervals are 
in meters. 


The elevation of each contour should be shown in figures at points close enough 
together to allow the eye to run from one to the other with ease, It is best to break 
the contours and write the numbers between the ends. If written alongside, the 
numbers should always be on the higher side of the contour, figs. 31 and 32. 


_70. Straight contours are very rare. They may be determined by locating any 
two points, or by locating one point and observing the azimuth of the line, 
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Simple curved contours are more frequent than straight ones, but are not often 
found of any considerable length. They may be determined by fixing 3 points; or 
by 2 points with the radius estimated; or by 1 point with the center assumed, 


The typical contour is a wayy line, alternately salient and reentrant, and may 
be determined with the precision needful for hasty reconnaissance by fixing the 
extreme points of the convex and concave portions. 


71. Looking at contours from the higher side, the salient parts, or those concave 
to the observer, correspond to the ridges, and the reentrant parts, or those convex 
to the observer, to the valleys. The valleys are also lines of drainage. Hence, haif 
of the points necessary to determine a wavy contour will lie on drainage lines, as 
indicated by rivers, creeks, brooks, and rivulets, and by ravines, or other depressions 
dry at most seasons. 


The slope of a drainage line grows less in the direction of flow. Tributaries, or 
branches, are usually steeper than the main stream at their junction, and also 
increase in slope toward their sources. Generally, in a limited area, the sources will 
be at nearly the same elevation. To apply this principle in increasing the amount 
of topographical relief that may legitimately be drawn from a given number of 
known elevations, let fig. 33 represent the drainage lines of an area taken froma 
civil map. Suppose the ground to have been studied and elevations to have been 
determined at 2 points, A and B. How much topography can be drawn? 


The 110 ft. contour will be above the 105 ft. and by a distance somewhat less than 
the length AB, because the slope becomes steeper and the contour distance less in 
going upstream. The succeeding contours at 10 ft. intervals will cross the tributary 
at gradually decreasing distances, as indicated, and for the same reason. The source 
is found to be about 130 ft. Take the other sources to be also 130 ft., and draw the 
contour at that level, remembering that it is concave where it crosses the streams, 
and that the part between the streams is convex and advanced, Lay off the contour 
points on the other stream lines, keeping in mind the law of slopes, and draw the 
other contours, following the same rule as for the first, 


72. If enough elevations were taken on stream lines the concave parts of the 
contours would be fairly well determined, but the convex points would still be in 
part uncertain. It is known that they are convex and salient, but not how much. 
This information is supplied by elevations taken along the ridges, crests, or divides 
which lie between adjacent drainage lines. The typical profile of a crest is a reversed 
curve, flat and couvex between the sources of streams, flat and concave near the 
junctions of streams, and steepest in the middle, with the inflection at the steepest 
point. The form of crests is not so regular as that of valleys, and less use can be 
made of it. It should be kept in miud as a basis of comparison, so that actual forms 
can be more readily remembered. 


73. The field work of contouring an area which has a sufficient relief to exhibit 
drainage lines clearly may begin by traversing these lines, with gradients taken by 
clinometer or slope board. It is most convenient to begin where collected drainage 
leaves the area to be mapped, and follow each valley to its source. 


If the valley is open and the flanks of the ridges on each side can be seen, time 
may be saved by taking level sights from some of the contour points on the drainage 
line to points on the ridges as far advanced as possible, usually where the line of 
aight is tangent to the hill. This gives two points, a a, fig. 33, near the apex of the 
salient from which the contour may be drawn often as well as by a point at the apex. 
If this can be generally done, it may not be necessary to run out the ridges, Notes 
should be made of the apparent shape of the contours near the drainage line, whether 
sharp or blunt, or whether the valley is narrow or wide. The general shape of the 
sky line of the ridge or its projection against higher ground should be noted when- 
ever a lateral view of it cau be had. 

If hill points can not be taken from the valley traverse, the ridge lines must be 
run out. Tbey must be connected in plan (distance and azimuth) and in elevation 
with the drainage lines. When drainage and ridge lines are plotted on the map, the 
contour points, if not actually observed, may be interpolated and the contours drawn. 


The symmetry of adjacent contonrs is obvious from the inspection of any contoured 
map, and this relation may be utilized where one contour has been well determined, 
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to draw the one on either side of it from a very few pojnts, often but one. If the 
contours are wavy, they will generally be a little farther apart at the concave and 
convex points than at the reversion points between them. If the contours are not 
wavy, they are generally parallel, 


74. If the relief of the ground is so slight that the drainage and ridge lines are 
uncertain, the field work of contouring is best done by taking elevations at points 
arbitrarily selected Such points will usually be in straight lines running in the 
general direction of the steepest slope. The points are plotted’on the map, the cor- 
responding elevations written near them, and the contours are interpolated as indi- 
cated in fig. 34, assuming that the surface of the ground between observed points 
is astraight line. The closer the points are together, the less error is involved in 
this assumption. . 


If the country is comparatively flat and unbroken, profiles may be run along roads 
and paths, and contours sketched in on each side so far as they cah be seen: Then 
by going over the intervening ground and observing its shape, the portions drawn 
can be joined with the eye with sufficient accuracy. 


In towns and villages profiles along intersecting streeta and the study of the inter- 
vening space furnish data for approximate contours. 


75. Slope equivalents.—Actual distances between contours on a map depend on 
the contour interval, the scale of the map, and the gradient. For any given map 
the contour interval and scale are constant and the distances between contours 
depend on tbe slope alone. On any map with contours at equal intervals each 
gradient has its corresponding contour distance, which is called its equivalent. A 
line subdivided to show the equivalents of various gradients on any map is called 
a scale of slope equivalents for that map, or simply the scale of slopes, and by 
applying such a scale to the distance between two successive contours the slope of 
the ground between them may be read off. 


For different maps slope equivalents vary with the ratio between the contour inter- 
val and the scale. A scale of slope equivalents may be constructed for a given ratio 
and will be true for all maps having that ratio, no matter how much the scales may 
vary. The ratio may be taken as the fraction of an inch on the scale of the map cor- 
responding to the contour interval. If the scale of the map is 500 ft. to the inch 
and the contour interval 1 ft., the ratio is $5 or 0.002, which is the fraction of an 
inch corresponding to 1 ft. on a scale of 500 ft. totheinch. If the scale is 1,000, 5,000, 
10,000, or 60,000 ft. to the inch, and the corresponding contour interval is 2, 10, 20, or 
100 ft., the ratio in each case is 3, and the contour interval corresponds to 0.002 in, 
on the scale of the map and a scale of slope equivalents corresponding to the ratio 
applies. 


Fig. 35 contains scales of slope equivalents for ratios of 535 t0 goy5, Which will cover 
the usual range. : 


Lo get any desired scale of slope equivalents from the figure, divide the number of 
feet in the contour interval by the number of feet per inch of the scale, or divide the 
number of inches in the contour interval by the denominator of the R. F. The result 
is the ratio. Place the straight edge of a piece of paper horizontally on the diagram 
and passing through the corresponding point on the ratio scale on the left of the 
figure, and prick off the scale. 


Slope equivalents afford a convenient and rapid method of determining contour 
points on any line of a map the gradient of which is known, 


Any fraction of the equivalent for any slope corresponds to the same fraction of 
the contour interval. If an end of the line is on a contour, the slope equivalent may 
be stepped off along the line aud each point so determined will be # contour point. 
If the end of the line is between contours, measure off on the line the part of the 
slope equivalent corresponding to the rise or fall to the next contour point. From 
this step off the slope equivalent as before. If a fractional distance remains at the 
end of the line, find what part of the slope equivalent it is, and add to or subtract 
from the last contour elevation the corresponding part of the contour interval for the 
elevation of the end of the line. To illustrate: If in fig. 36 elevation at @ of the line 
ab ig 103, gradient + 2°, the contour interval 10 ft. and the slope equivalent cd, then 
the rise to the next contour is 110 —-103=7 ft. or 7; of the contourinterval. Seven- 
tenths of cd=ae, and hence e is the Position of the 110 ft, contour point. Lay off 
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ef, fg, and gh = cd and locate the 120 ft., 130 ft., and 140 ft. contour points. The 
remaining distance hb = 14 of ed, hence the rise beyond hk = 2 ft. and the elevation 
of b = 142.5. 


76. In the absence of contours relief muy be indicated by hachures, which are 
short parallel or slightly divergent lines running in the direction of the steepest 
slope. Hachures should be used only to indicate areas which present slopes steep 
enough to offer cover or become obstacles, The use of hachnres is illustrated in fig, 37. 


77, The reconnaissance with a moving column will require tho simultaneous 
work of a number of sketchers and must be so organized that each sketcher shal! do 
his full sbare in the time allowed; that the sketches and reporta ghall be turned in 
about the same hour, and that the assigned ground shall be thoroughly covered with- 
out unnecessary duplication. . 


A good sketcher on foot can take about 10 miles of road in a day, or can keep up 
with a slowly advancing eolumn. A good sketcher mounted can cover 15 milesa 
day steadily, or in an emergency 20 or 25, and can keep up with infantry on a forced 
march or with cavalry marching at ordinary rate. 


The reconnaissance for a column should include besides the road traveled the nearest 
parallel road on each side and all connecting roads between them. Each mile trav- 
ersed by the column on the main road will thus involve 214 to 5 miles of sketching. 


If a reconnaissance ig to be made when a force is not in motion, the area to be 
covered will usually be so large and the time allowed so short as to make it necessary 
to combine the work of a number of sketchers. 


78, If any map is available, the area to be reconnoitered should be outlined 
on it and snbdivided into as many parts as there are sketchers, tho parts to be mado 
equal, not in size necessarily, but in amount of work aud time reqnired, the important 
point being that all the parts shall be finished at the same hour. 


Each of these parts is assigned to a sketcher, with full instructions as to the amount 
and class of work to be done, the scale to be used—which should be the same for all 
—and the place and hour at which the sketch must be turned in. If practicable, 
each sketcher should be given a tracing or copy of enough of the map to show the 
boundaries of his own task and the adjacent features of those next to his. 


If there is mo map, the area may be indicated by landmarks, but it will be usually 
necessary, and always desirable, to go over the ground and point out his task to each 
sketcher. When boundaries are definite, there need be very little overlapping. The 
amount of reduplication must increase as boundaries become more vague. 


79. The area to be mapped may be divided np in any convenient way, but it is beat 
to use roads, fences, streams, or other well-defined lines as much as possible. Lack- 
ing these, compass courses passing through well-defined points will answer. 


In a road sketch one man should be assigned to the main road or that on which 
the column is marching. Others will be assigned to such parallel and intersecting 
roads as it may be necessary to map. So far as practicable, side parties should leave 
the main road by an intersecting road, traverse a short stretch of parallel road, and 
return to the main road by another cross road, 


80. Compilation.—The sketches when turned in are consolidated, usually by 
pasting them in their proper relative positions on a large sheet of paper, or else by 
pasting them togetherat their edges eo that corresponding features will join. If one 
of them does not exactly fit, as will often happen, the adjustmeut is best made by cut- 
ting the sketch into two or more pieces and moving them with respect to each other 
go as to absorb the discrepancy. Thus, if a piece of road is half an inch too short, 
cut it at three or four places on lines perpendicular to the road and separate the 
pieces by a sixth or eighth of an inch. If too long, overlap the pieces instead of 
separating them. If a road or other feature is out of azimuth, make a cut through 
one of its ends and swing it into place. These operations may be combined. The 
adjustment is rapid and sufficiently exact. If a sketch is too much out to he adjusted 
by this process, it will usually be of little value and time will be saved by leaving it 
out of the compilation and filling in the gap freehand, using the sketch as a guide. 


Fig. 38 illustrates this method of adjustment. 


38. 
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81. Reproduction.—As many copies of the map will be made as circumstances 
may require. The first step is to divide the map into sections of convenient and 
usually equal size, and make a tracing of each. The size of the sections will usually 
be determined by the method of reproduction to be used and the size of the apparatus 
at hand. Time will be saved if there are not more sections than there are men avail- 
able to trace, supposing that all the tracers are of approximately the same speed. If 
one of them can work two or three times as fast aa the average, two or more sections 
should be reserved for him, the idea being that the work will be done in the shortest . 
time if so arranged that al! finish at once. 


With fairly expert sketchers, it will be possible to have each ink his work before 
turning itin. A useful expedient in case of great haste is to make the sketches them- 
selves transparent by oiling and fasten them together for use instead of a tracing. 


82. The tracing made, further processes depend upon the time available and 
whether the work can be done in daylight or must be done at night. 


Of processes requiring sunlight, the most reliable, simplest, and quickest is the 
blueprint process. 

The prepared paper may be purchased in rolls of 10 or 50 yds. It should be put 
up in tin foil and each 6 or 8 rolls should be in a sealed tin case; it will then keep in 
good condition fora long time. If necessary to sensitize the paper in the field the 
following solutions must be prepared: 


Stock solution A {Wane of iron and ammonia. 


. Red pruasiate of potas 
Stock solution B as 


For use mix 4 parts of A with 3 parts of B. 


Unprepared paper may be purchased in 50-yard rolls. To sensitize the paper a 
sheet of the desired size is cut from the roll and placed on a fiat surface; the mixed 
solution is applied with a sponge to the upper surface in a smooth, even coat, care 
being taken not to wet through to the back of the paper. The sheet ia hung up in 
a dark room until dry, when it is ready for use. Only enough paper for a day’s use 
is sensitized at one time, for it does not keep well. 


The exposure takes from four to eight minutes in bright sunlight, varying with 
the intensity of the light and the transparency of the tracing Under other condi- 
tions than sunlight a much longer exposure is required; sometimes an hour or more,’ 
Care must be taken that the paper is not taken from the frame beforc it has been 
sufliciently exposed. When the margin protruding from under the tracing has a 
greenish-bronze color, open one part of the back of the frame and observe the print. 
The lines should stand out sharp and distinct on a gray hackground. Take the print 
from the frame and place it in a tray containing water sufficient to fully cover the 
print. Rinse it until the lines stand out in clear white, then hang up to dry. It is 
to be remembered that the fresher the paper is the slower it will print and the quicker 
it will wash out;the older the paper is the quicker it will print but the slower it 
will wash. : 


Additions and alterations may be made to blueprints with a 10% solution of oxalate 
of potash used as an ink. If it shows a tendency to run, add a very little mucilage. 
Common soda may be used, but the lines have a yellowish cast instead of the pure 
white which the potash gives, Additions and alterations of a drawing are conven- 
iently made by inking the lines of a blueprint with waterproof liquid india ink and” 
removing all the blue color by the potash or soda solutions. The black lines then 
remain on a white ground. They take well in photographing, and by treating the 
paper with oil, it becomes transparent enough for contact printing, being used in 
place of a tracing and in the same way. 

Brown prints.—Next in point of simplicity for daylight use is the brown-priut 
process, It is in many respects the most satisfactory of the copying processes. The 
paper is purchased prepared. 

After exposure<for about two minutes in bright sunlight, the margin protruding 
from under the tracing turns from its original light yellow to a reddish-brown color. 
The print is then taken from the frame, immersed in water, and thoroughiy rinsed 
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on both sides, when the lines come out in perfect white on a sepia-brown ground. It 
is then immersed in a fixing bath made from the salt which accompanies each roll 
of the paper (2 ounces of fixing salt to 1 gallon of water); this makes the print per- 
manent and also darkens the sepia-brown color, tbe lines remaining white. After 
fixing, the print must be thoroughly washed for twenty to thirty minutes and then 
hung up to dry. 

Tbe brown color being impervious to light makes this paper very valuable for 
negatives which.may be used to produce positive copies, either with the: blue or 
brown print papers, yielding an exact reproduction of the original in either blue 
or brown lines on a white background, In making the positive prints from the 
brown-paper negatives the time of exposure is somewhat longer, since the brown- 
process paper is not as transparent as tracing cloth or tracing paper. Jven very fine 
lines of the original are reproduced with surprising distinctness, due to the fact that 
in both manipulations the original is in direct contact with the sensitive side of the 
paper, so that no light can enter sideways under the lines. 


By making several negatives and printing from them simultancously, the rate of 
reproduction may be largely increased. 


83. For printing by artificial light bromide papers are used. A contact print 
from the tracing has clear white lines on a very dark brown ground, The contrast 
is clear and agreeable, Alterations may be made with a sharp red pencil, which 
makes a legible line, or by scratching through the emulsion, which makes a white 
line. A print can be obtained quickly from the light of three candles at 121 ing, 
distance. 


To develope bromide prints make a atock solution of hydrochinon, 150 gr.; 
sodium sulphite, 360 gr.; water, 12 oz. 


Yor use, to 1 oz. of stock solution add 1 dr. rodinal and 8 oz. water; or, make stock 
solution of metol, 150 gr.; sodium sulpbite crystals, 214 oz.; sodium carbonate crys- 
tals, 344 02.; bromide potash, 8 gr.; water, 20 oz. For" use, add 1 oz, stock solution 
to 4 02. water. 


Acetic acid is used to clear bromide prints after development and to stop the actiou 
of the developer, 16.02. water to 1 dr. acetic acid. 


For fixing bromide prints use hyposulphite of soda, 1 0z.; water,6 oz. A little 
alum added to the fixing bath in hot weather hardens the film, 


A bromide print may be made transparent by oil and used for contact printing by 
artificial light. It will be better, though not essential, to secure a paper for nega- 
tives thinner than that usually supplied for prints, 


The cycle of operations for quick reproduction by the bromide process is as 
foliows: 


From a tracing or transparent drawing make, say, 3 to 5 negatives. Make them 
transparent and start printing from allof them. If the sketchers are in by 5.30 p. m. 
the negatives can be ready for printing by 7p. m., and after that priuta can be 
turned out at, the rate of 15 per hour from each negative. It should not be difficult 
to have all that are needed for the next day done by 9 p. m 


84. Transfer processes,—With the hectograph the drawing is made in a spe- 
cial ‘ink and pressed face down on the surface of a gelatin compound in a metal pan. 
When the paper is pulled off the drawing appears reversed on the gelatin surface. 
A piece of blank paper pressed on the surface and then withdrawn shows the draw- 
ing direct in purplish lines. Fifty to 100 impressions may be taken, Each print is 
covered with a thin flim of the compound and is sticky, curly, aud very stubborn. 
The process is at best only a makeshift, but it is the easiest of all to improvise, and 
the simplest to operate. For quick work several pans should be provided, as each 
Toust be washed after use and should not be used again until well dried. 


The hectograph compound is made of— 
Glue or gelatin __. 
Glycerin ___ 


Kaolin, 50 parts, or some fine inert light-colored powder, may be added with 
advantage. The ingredients require prolonged mixing at 200° F., which is best 
obtained in a salt-water bath, 2 oz, salt to 1 pt. water. 
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The ink is made of— . Parts, 
Nigrosine black _ 2 1 
Glycerin —.---- 

Water ____ 


Writing or drawing is' done with a fresh, clean steel } pen. The surface of the 
compound is moistened lightly with a brush or sponge and allowed to nearly dry, 
when the copy is laid smoothly on face down and rubbed to a ‘good contact through- 
out, eliminating allair bubbles. The paper is allowed to remain two or three minutes 
and then removed by starting one corner and pulling parallel to the surface. The 
sheets for impressiong are put on and removed in the same way, except that they 
are left on but a few seconds. 


With the black autocopyist the drawing is made in a special ink and transferred 
to a parchment sheet held in a special frame. This process is free from some of the 
objections to the hectograph, but it is more difficult to work. The copies are in 
printer’s ink, are permanent, and very satisfactory, 


85, Landscape sketching,—Free-hand sketching can not take the place of topog- 
raphy, but it is a valuable adjunct and should be practiced by every soldier who has 
any aptitude for pictorial drawing. 


Asketch differs from a photograph only in that it shows in sharp outline a limited 
number of the larger and characteristic features easily seen and understood, while 
the photograph shows all details, many of them so minute that they are lost in a mass 
of confused forms, with the form lines, other than the sky line, relatively incon- 
spicuous. All the lines of a perfect sketch exist in a photograph, but close scrutiny 
is often necessary to find them. If sought out and traced, however, a perfect sketch 
results, Tracing from photograpbs is excellent practice. 


The outfit for field sketching should be as simple as possible. A sketchbook with 
a canvas cover, carried in a water-tight case, together with a few lead pencils. B, F, 
and H, and pieces of softand hard rubber are the essentials for satisfactory work. 
For active field work the book should be no wider than can be carried in the pocket 
of a service blouse, and relatively long, say 5 by 9 ins. 


The point of view should as a rule be high enough to give a comprehensive 
grasp of all that is important—a rock, a knoll, a hill, a peak—depending upon the 
conditions. Face toward the middle of the field of view which is determined upon. 
Hold the board or sketchbook vertically before the eye and move it backward or for- 
ward until the sheet just fills the field. Lower the board until the sky line of the 
hills can be seen above its top edge, and with a penci] mark on that edge the points 
corresponding to the principal salients and reentranta of the hillforms. If desirable 
the board can be moved sideways far enough to enable the principal heights and 
depregsions to be marked on tbe vertical edge. By interseeting references the loca- 
tions can then be easily established on the sheet. From these points the forms can 
be sketched in with much greater accuracy. 


Proceed next to draw the hills in outline, but faintly, with attention, to the larger 
curves or humps at first. Go over them again with more care, bringing out the 
small irregularities. If any part of the horizon is visible, draw in lightly, and then 
complete the general mass of hills by drawing the water or base lines. Seek now for 
the surface character of the hills by tracing the ravine lines. The knobs and foothills 
are brought out by tracing the tree meanders that show form. Al] changes in form or 
breaks in the ground produce corresponding breake in the foliage of the tree masses, 
which show in the distance as irregular lines. If the more iroportant of these are 
sought and drawn, the general character of the hill will result. Add now the fore- 
ground crest, and the skeleton of the sketch is complete. 


The road and railroad meanders should follow as a rule, and the fences of the 
fields. Cultivated land is rendered by parallel irregularly hroken lines. Houses, 
fortifications, trenches, etc., will be drawn more or less in detail according to dis- 
tance and importance. Enemy’ 8 lines or trenches even at a great distance should be 
strongly marked by simple black lines. Tbe indication of forests and trees is the 
most difficult feature for students. The indications given in the accompanying 
sketches will show the treatment in outline work, 


Figs. 39 and 40 show a variety of forms sufficient for most localities. 
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86. Hydrography.—Depth of water and character of bottom are determined by 
sounding with a pole or with a lead and Jine. The sounding pole may be impro- 
vised, or of permanent form. A convenient one is 10 ft. long, octagonal in section, 
tapering slightly from middle to ends, divided into feet which are painted alternately 
white, and black or red. There should be an iron shoe at the bottom, heavy enough 
to make the rod stand erect when free in deep water. Such a rod is convenient to 
use in water 9 ft. or less in depth. : 


If a sounding lead is not furnished, any compact weight may beused. The sound= 
ing line should be of braided hemp or cotton, % to % in. in diam., and tagged with 
cloth or leather. Tbe tagging will depend on the depth to be measured, and degree 
of precision required. Cloth of different colors may be used for different units, and 
leather tags may be distinguished by cutting notches or punching holes in them. 
The line should he thoroughly wet, stretched, and allowed todry. It should then 
be wet again and tagged while wet. The zero of the graduation is at the bottom of 
the lead or weight. A lead and line are best connected by a rawhide thong passing 
through an eye in the lead and an eye made in the end of the line. 


Soundings are usually referred to a plane parallel to the water surface, horizontal 
except in flowing streams. The plane usuuily selected is the water surface itself if 
stationary, or one of its positions if variable, so that soundings will indicate approxi- 
mately the actual depths of water. The elevation of the water surface in the position 
selected is called the datum level. If the surface elevation varies, a gauge rod 
must be set near the water’s edge, and read often enough to plot a continuous curve 
of water level, The time of beginning aud ending a particular group of soundings 
is noted. The mean elevation of the water surface during that interval is taken 
from the curve, and the soundings are corrected by the difference between the actual 
level and the datum level. If the correction to be applied is less than half a foot, it 
is usually neglected. ‘ 


The material of the bottom, as rock, gravel, sand, or mud, can usually be told 
from the feeling of the rod. or lead when it strikes. A specimen of the bottom can 
be brought up by smearing the énd of the lead with tallow. 


A correct sounding is obtained only when the line or rod is plumb and straight 
and its length correct, or its error known and applied. Except for blunders in read- 
ing the line, only one source of error operates to make the soundings too small, and 
that is a line which has stretched since it was tagged or is too long. All other 
sources of error make the soundings too large, and heuce they are apt to be so, and 
actual depths slightly less than those recorded will usually be found. 


To get a plumb sounding from a boat moving through the water, the lead is 
thrown out or the, pole inclined in the direction of motion far enough to allow it to 
teach bottom by the time the boat is directly over the spot where it strikes. Sound- 
ings taken with a line from a moving boat will always be too large. 


The most accurate soundings with !ead and line in running water are taken from 
® boat floating with the current, with line allowed to hang and move with the water. 
It is raised only a foot or so between soundings, just enough to clear the bottom, 


87. Location of soundings.—The simplest method is by two simultaneous azi- 
muths from known points on shore. If the soundings are taken on a line passing 
through one of the points, all azimuths from that point will be constant, and one 
measurement will suffice. This line is plainly marked by range flags and the boat’s 
crew instructed to keep the flagsin range. Only one instrument und observer are 
required. This is the usual method for streams and is best for all work where the 
soundings can be taken in straight lines. Locations may he made from the boat 
by two observers taking simultaneous compuss bearings to two known points on 
shore—see resection—or by two simultaneous sextant angles. The latter is less con- 
venient, as a special protractor is required for rapid plotting. 


88. The following notation or its equivalent should be made on a map or chart 
containing soundings: ‘‘ Soundings are in feet (or meters) and are referred to the 
stage of water at (location of gauge) at——o’clock, on the —— day of The 
elevation of this datum level is ft. (or meters).’’ If the reference plane is in- 
clined, add: ‘‘and its inclination is ina direction.’ The first blank is 
filled with the rate of fall expressed in any recognized way, and the second with a 
compass bearing. 


87625—09—— 5 
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89. Map reading is essentially the reverse of map making, In the latter process 
ground is measured and studied with a view of forming a mental picture of how a 
map of it will look. In the former—map reading—a map is measured and studied 
for the purpose of forming a mental picture of how the ground itself looks, All 
rules and principles heretofore stated as to relations between ground and map are 
to be used in studying the relations of map to ground. 


The following suggestions will aid the beginner: 


Note the meridian on the map and associate it in the mind with the local merid- 
ian. This may be done by turning the map so that the meridian will point to the 
north, using the compass as a guide if necessary. If there is no meridian on the 
map, look for indications of direction in local names, or for some road, stream, ridge, 
or other feature the general direction of which is known. 


Note the scale of the map. Estimate certain distances, as the total width or 
total length or distance between prominent points and test these estimates by scal- 
ing. If there is no scale, look for some indications of distance. It may possibly be 
found in local names, as Three Mile Creek, Two Mile House, etc.; roads uniformly 
spaced, as the U. S. land surveys; city blocks, which are usually about 100 yds, on 
the shorter side; railroad stations or sidings, the distance of which may be taken 
from time tables. If the map has parallels of latitude a good scale may be drawn 
by assuming 69 miles to each degree, or 1.15 miles to each minute. If the ground 
is accessible, take two convenient points shown on the map and measure the dis- 
tance between them. , 


If the map is contoured, note the contour intervals and the scale of slope 
equivalents. If the contours are not numbered, decide which are the high and 
which the low ones. Closed contours are much more likely to be elevations than 
depressions, especially if several are concentric, A single closed contour may be 
uncertain, Look for indications of marsh or water inside of it. If the contour 
interval is not given, it will be difficult to get any clue to it unless isolated elevations . 
appear on the map. If the ground is accessible the contour interval may be deter- 
mined by actual measurement of a gradient. , 


Note all topographical and cultural signs, and associate them in mind with their 
advantages or disadvantages for military operations, 


90. A problem frequently arising in map reading is that of determining what 

oints are visible from a given point. A point is visible when tho gradient to 
it, if rising, is greater, and if falling, is smaller than the gradient to any intermedi- 
ate point, ! 


For this comparison gradients are conveniently represented by the quotient of 
distance in ft. divided by the difference of elevation in ft. The point will be visible 
when this quotient is smaller, if rising, and larger if falling, than the quotient for 
the intermediate point. Thus, to determine whether the bridge near the French- 
man’s, fig. 41, is visible from Atchison Hill or is concealed by intermediate ground, 
assume the highest point of Atchison Hill to be in the center of the 1,040 contour 
and to have an elevation of 1,050. The distance from this point to the bridge is 5,610 
ft., fall 250 ft., quotient 22.4, The line of sight from this point to the bridge crosses 
the 960 ft. contour on the flank of Sentinel Hill at 3,060 ft. distance, fall 90 ft., quo- 
tient 34, hence bridge is not visible from Atchison Hill, since the gradient is 
falling, and the nearer point has the larger quotient. 


Working from the bridge the quotient for the whole distance is 22.4, as before, 
put the gradient is rising. The distance from the bridge to the high point is 2,550 
ft., rising; difference of elevation 160 ft., quotient 16, hence, as before, the top of 
Atchison Hill is not visible from the bridge, since the gradient is rising, and the 
nearer point has the smaller quotient. 


If one gradient is rising and the other falling, no computation is necessary. A 
point of rising gradient will hide a farther point of falling gradient, but will not be 
hidden by a nearer one. See par. 90a, p. 78. 


o 
91. Drawing.—The essential requirements of a good topographical drawing are 
accuracy and clearness. By accuracy is meant a faithful exhibit of moccsurements and 
observations made in the field, or of data taken from other maps. Clearness involves 
absence of confusion or crowding, and neatnessin execution. Beauty and pictorial 
effect are obtainable by skilled draftsmen only, and while always desirable, are 
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rarely necessary. Persons who are not skilled draftsmen should not attempt picto- 
rial effect, as it will detract from accuracy and clearness without substituting anything 
of equal value. A 


Avoid unnecessary haste in plotting and drawing. If possible, take time to 
check carefully all azimuths and distances plotted and be sure they are exact. , Thera 
should be no approximation on the drawing board, Although an observer may have 
simply guessed a distance to be’ 550 yds. in the absence of other information, the 
plotter should be careful to lay it down at exactly 550 yds. 


Start with clean paper and keep it as clean aa possible In the office, wipe off the 
instruments before using, especially rulers, scales, and triangles. Dust the drawing 
carefully before beginning work. Dust again wben stopping and cover with a cloth 
or paper. If necessary, dust the drawing and wash the hands occasionally while at 
work. 


Make all ink lines firm and very black. A drawing to be made in ink is 
usually drawn first in pencil, and in sucb cases a very hard pencil (4H or 6B) is best. 
If the pencil drawing is to be traced, a softer and blacker pencil should he used, but 
must be kept well pointed. 


Tndia ink in stick form gives the best results, but the time required for proper grind 
ing precludes its extensive use in military field work. The prepared india inke in 
liquid form are ready for use and are satisfactory. They must be kept well corked 
when not actually filling a pen. If the ink gets thick in the bottle so that it will 
not run freely from a fresh-filled pen, add a little water. 


The ruling, or right-line pen, figs. 42 and 43, is best for making lines of -uni- 
form thickness. The points must be kept clean,and when worn must be ground on 
a very fine stone to the form shown and to exactly equal length. The points may 
be closed and the ends shaped together, which will make them identical. Then open 
the points aud grind each on the outside to a proper edge. Right-line pens are set 
to make lines of different thicknesses by the screw D, but the range for any one pen 
is limited,and different sizes of pens are made. A very fine line can not be mado 
with a coarse pen, and it is difficult to make a very broad line with a fine one, The 
points should never touch. If a line made with the points slightly separated is too 
coarse, take a smaller pen. These pens are graded by the length over all. Five 
inches is a medium and useful size. 


Right-line pens may be filled by dipping an ordinary pen in the ink and inserting 
it between the points. A strip of paper closely folded may be used in the same way. 
In the bottles of prepared ink the cork carries a small quill for filling. Take only 
as much ink as can be used in two or three minutes. As soon as the flow becomes 
the least sluggish, the pen should be emptied and refilled. To empty or clean the 
pen, pass a piece of paper (the corner of a blotter ia excellent) between the points. 


The adjusting screw should not be disturbed while working on lines of the 
same thickness. When changing from one thickness to another, open the pen and 
clean more thoroughly. To reset fora given tbickness, draw a short length on a 
scrap of paper and lay it alongside of a line of the desired thickness, previously 
drawn. The difference will be seen, the pen can be changed and another trial made, 
and so on until the lines are matched. 


For ruled lines the ruler or curve is laid in the proper position and the pen drawn 
along the edge, lightly pressing against it. The pen should be held with the plane 
of its points perpendicular to the plane of the paper and in the direction of motion. 
The handle sbould be slightly inclined in the same direction. For free-hand lines, 
as contours, hold the pen in the same way and move the hand so as to cause the 
points to follow the line. 


In ruling with a writing pen, choose one of a size which will make a line of the 
required thickness without pressing on the paper. Dip the point only in the ink. 
If the ruler has a beveled edge place it with the top projecting, A curve or a ruler 
not beveled should be raised slightly from the paper. The pen'should not be inked 
above the point which touches the ruler. It is held as described for the ruling pen. 
Parallel tines close together may be drawn with one setting of the ruler by inclining 
the pon slightly, : 
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‘Writing pens are best for stream lines. When it can be done, vary the size ofthe 
pen to suit the thickness of Jine. When using a writing pen free-hand do as much 
of the work as possible by drawing the pen toward the body in about the direction 
of the down stroke in writing, 


For lettering, sigas, and all free-hand work with the writing pen, keep tbe pen 
clean and freshly inked and the ink free from dust and of ‘proper consistency to flow 
freely without dripping from the pen in blots. 


In using a circular pen, fig. 43, set the legs of the compasses so that they will span 
the right distance and the pen point will be vertical. The lead of a pencil point 
should be sharpened to the shape of the ruling-pen points with the flat side toward 

- the pivot leg of the compasses. When using compasses with pen or pencil, incline 
them slightly in the direction of motion and rotate the head between the thumb and 
forefinger. Very slight pressure only should he necessary beyond the weight of the 
instrument. 


Fig. 46 represents the most convenient instrument for measuring the length of 
curved or broken lineson a map. The smal] wheel is run over the line and its length 
in the unit of the instrument is read from the dial. This length is converted into 
actual length by the scale of the map. 


92, Papers.—Manila paper of cream or buff tint, usually called detail paper, is 
suitable for sketches and drawings which are to he traced or used in the field. Only 
the. better grade stands erasing and that imperfectly. This paper comes in rolls 36, 
42, and 54ing. wide, It may be ordered hy the pound or yard. 


White drawing paper may be had in rolls or sheets mounted on muslin or 
unmounted. Whatman’s cold-pressed fine-grain is most generally useful. It comes 
in sheets of names and sizes as follows: Royal, 19 x 24 ins.; Imperial, 22 x 30 ins.,; 

“Double Elephant, 27 x 40 ins.; Antiquarian, 31 x 53 ins. Roll papers are 27 to 63 
ins. wide. 


Sheet papers unmounted and kept flat are best for field topographical use. 


93. If a blot drops on the drawing take a piece of blotting paper, tear a corner or 
edge to expose a fresh surface, and hold it in the blot without touching the drawing 
until the surplus ink is absorbed. Then press a dry blotter firmly on the spot and 
let it dry thoroughly before attempting to erase. A piece of newspaper may be used 
instead of blotting paper, but should be slightly moistened to basten the absorption. 
For a large blot several pieces may be required. 


94.’ Erasers for ink are of steel or rubber. A steel eraser or penknife must be 
very sharp to give good results. An eraser of gritty rubber is most generally used. 
It is best to use an erasing shield of thin metal or celluloid, fig. 44, which exposes 
the area to be erased through one of the openings and protects the rest. 


95. Tracing linen is usually dull back, haviug one side glazed and the other dull. 
Erasing can be done on the glazed side only. The glazed side is used for ink and 
the dull side for pencil work. The glazed side requires preparation hefore use to 
remove excess Of paraffin, which prevents ink from running well and clogs the pen. 
Rubhing hard with fresh blotting paper is the simplest method. 


Tracing paper is alike on hoth sides. It will not erase. Most varieties are lesa 
transparent than tracing cloth. . 

In tracing it is helpful to use a dull-pointed instrument in the left hand—a stylus 
or top of a penholder—to press the linen against the drawing at the point where the 
pen is resting. 


ADDENDUM, 1907. 


56a. A handy device, easily improvised, for attaching a compass toa book or other 
object to orient it for use as a plane table, bas been proposed by Lieut. E. K. Massee, 
Seventh Infantry. It is shown in fig. 602c. The material used should be non- 
magnetic. 
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96. Conventional signs,—The symbols or signs used to represent topographical 
features are designed to be rapidly made and readily understood, and to resemble or 
suggest the actual features they represent. Multiplicity of signs is not desirable, 
and a verbal designation or description of the features is often more intelligible and 
more quickly recorded. For instance, it is better to write the names of the growing 
crops of a district, as tobacco, corn, or cane, than to cover the entire area with a 
symbol. Another metbod of expediting mapping is to surround an area with 
@ narrow border of the proper sign and leave the middle blank. 


The commonly used signa are given in figs.48 and 49. See also par, 96a, p. 128. 


97. Titles, notes, etc.—Every finished drawing should have a descriptive title, 
consisting of— 


(1) The designation of the organization under whose auspices it is made, as Engi= 
neer Department: Bureau of Insular Affairs, War Department; Division 
of the Philippines; ist Division, 2d Corps. 


(2) Its kind, as map, sketch, plot, plan, profile, section, or elevation. If 
more than one kind of drawing appears on the sheet, each should be mentioned in 
the title, as Plan and sections of battery; Plan, section, and elevations of 
guardhouse, etc. 


(3) Ita subject, if it relates to a particular object, feature, or purpose. 
(4) Its locality.. This and the preceding may be interchanged in position. 


(5) Ita sources, as Compiled from, etc.; Reduced from, etc.; From a sur- 
vey, etc, 


(6) Its authorship. If the work has been done by one person, acting nnder the in- 
structions of another, both should be named, as under the direction of Colonel John 
Doe, General Staff, by Captain William Roe, 1st U. S. Infantry. . 


(7) Its date. 
(8) Its linear scale; its contour interval; its scale of slope eqnivalents. 


Titles should be adapted in size and boldness to the size and importance of the 
sheet. They should be divided into lines, following mainly the divisions just stated. 
The middle letter of each line should fall on a line drawn vertically through the 
middle of the space allotted to the title. Lines should be alternately long and short, 
and if the long lines are symmetrically disposed, the effect is better. 


To prepare a title, write down the matter under the various heads, with proper 
connecting words, and divide it up into lines. Then block out the title, observing 
the division of lines decided upon, and make such alterations as seem desirable. 
Finally, ietter the title on the map. The following is an example: 


Division of the Philippines, | Sketch map { ofa tract of laud northeast of | Zam- 
boanga, | Island of Mindanao, | showing the proposed location of a | cantonment 
of U. 8. troops, | From a reconnaissance by | Capt. A... B_..., | Chief Engr., 
Department of Mindanao, | Jan. 15,1904. | Scale | Contour interval, 20 ft. 


Notes.—Besides the title, such information as wili belp to a proper understanding 
of the meaning and value of the map should be given in the form of notes. These 
usually relate to methods used in the aurvey, datum points, etc. 


Fig. 50 shows the title corresponding to the above example, with notes, 


Meridian.—The magnetic meridian should be shown, and the true meridian also 
if the declination is known, The true meridian may be a line, of 3 ins. or upward 
in length, with a star at its north and the feather of an arrow at ita south end. The 
magnetic meridian may be an arrow crossing the former at the middle point and 
making with it an angle equivalent to the declination. 


Border,—The drawing should be inclosed in a rectangle, preferably with its sides 
N.and§. and E. and W,. The border consists of two parallel lines, the inner one 
medium fine, the outer one medium heavy, with a space between them equal to the 
width of the outer. For geographical maps a double border is used, with space 
between sufficient to contain the numbers of meridians and parallels. 
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Lettering.—Names and figures relating to points on the map should be made 
parallel to one side. Names and figures relating to extended features or large areas 
are disposed along the feature or across the area in straight or curved lines. 


Ornamental lettering should be avoided. A plain unshaded letter is best. All 
needful variety of effect and prominence may be obtained by the size, spacing, 
weight, and inclination of such letters and the larger initials for important words, 
Fig. 51 shows the style of letter described, upright and inclined—usually called 
italic—with normal, condensed, and extended spacing. Fig. 51 A is a scale for spac- 
ing letters and determining the length of a given line, This scale gives equal apace 
to all letters, which is not strictly correct, but is simple and does well enough for 
present purposes. It is the method necessarily employed in typewriters and the 
eye is accustomed to it. 


For ordinary or normal lettering the height of letters is the width of the letter 
space in the second line below that adopted for the widths of the letters, fig. 51 A. 


For condensed lettering take for the height the space in the third or fourth line 
below; and for extended letters make the height equal to the width or take it from 
the first line below. 


A very good effect may be obtained by the exclusive use of capitals, The small 
letters require one-half the space of capitals in the same liue. They are not so easy 
to make well as the capitals, but can be made more rapidly and look better on the 
face of the map. A very good general rule is to use inclined letters for all names 
and oe on the face of the map which relate to water and upright letters for those 
which do not. 


98. Enlargement and reduction.—The simplest method is by squares. Divide 
the origina! into squares of 2 ins. or less by lines drawn parallel to the borders, fig. 
52. Divide the paper on which the copy is to be made into squares with sides cor- 
responding to the same distance on the scale of the copy that the side of a square on 
the original itself does to the scale of the original, fig. 53. If a plotting scale of the 
original be placed on the side of a square on the original and the plotting scale of 
the copy on the side of a square of the copy, the readings should be the same. The 
square on the copy will be larger if the drawing is to be enlarged and smaller it it is 
to be reduced. The ratio between the sides of the squares on the original and the 
copy is the ratio of reduction or enlargement. This ratio must not be confused with 
the ratio of areas of the two maps, which is different and not important, 


_ Select a square of the original and reproduce ita contents in the corresponding 
square of the copy; or take a feature of the original, as a road or stream, and trace 
its course through several squares. 


Usually the position of a point in a square or on one of the sides can be estimated 
with sufficient accuracy. Important points may be located by measurement of dis- 
tances from the nearest sides of the squares, using the scalé of the map and the 
scale of the copy respectively. 


Instead of drawing the squares on the original, they may be drawn on tracing 
linen or paper laid over it, or fine threads may be stretched to form the squares. 
Every drawing board should havea scale of inches on each edge marked with fine 
saw-cuts or with small tacks to facilitate the drawing of squares, 


99, To measure an irregular area,—Lay over the area a piece of cross-section 
tracing paper, fig. 54. Count the full squares inside the area and to.tbeir number 
add the sum of the estimated fractional ones. In the figure the fractional squares 
to be added areshaded. Multiply the equivalent number of full squares in the area 
by the area of one square to the scale of the figure. If the scale is 500 ft. to the 
inch=250,000 sq. ft. to the sq. in., and the squares ;', of an inch on one side, then 
the area of one square is ;4, of a sq. in., and its value to the scale of 500 ft. tol 
in. =2,500 sq. ins, 17.36 sq. ft. Thenumber of squares counted, multiplied by 17.36, 
is the number of square feet in the area, 


If the scale is distorted, the area per sq. in. of the drawing is found by multiplying 
the scales together. Thus, in a profile plotted to a hor. scale of 500 ft. tol in. and 
a vert. scale of -10 ft. to L in., the area of a sq. in. of the drawing is 500 x 10 = 5,000 
sq. ins, On sucha profile a square of 7, iu. on aside, or 73, in. area, corresponds 
to 50 aq. ins. - 
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100. Verniers.—-A vernier is an auxiliary scale by means of which the principal 
scale can be read more closely than can be shown by actual subdivision. Sy 


Consider AB, fig. 55, a8 part of a scale of equal parts. Construct the auxiliary 
scale or vernier CD, the total length of which is equal to 9 of the smallest divisions 
of the principal scale, but divided into 10 equal parts instead of 9, which makes each 
division of the vernier 4 the length of the division of the scale. Ne 


When the zero division of the vernier, indicated by an arrow, is coincident with a 
division, ‘as 31, of the scale, the reading is 31 and it is obvious that the first division 
of the vernier is to the left of 32 in the scale by 4 of the distance between 31 and 
32. Similarly, the second, third, etc., division of the vernier is 2, 3, etc., tenths to 
the left of the 33, 34, etc., division of the scale. To make any division of the verhier, 
as 2d, 3d, 5th, or 8th, coincide with the division of the scale next ahead of it, the 
vernier must be moved to the right 2, 3,5, or 8 tenths of the length of one division 
of the scale, and the arrow will then be opposite a point on the scale 2, 3, 5, or§ 
tenths of the distance from 31 to 32; or at 31.2, 31.3, 31.5, or 31.8, The quan: 
tity obtained by dividing the value of one division of the scale by the number of 
divisions of the vernier is called the least count of the vernier, But one inter- 
mediate vernier division can coincide with a scale division at ‘the same time and the 
number of the coincident vernier division, counting from the arrowhead, is the 
number of times the least connt must be added to the last scale division passed by 
the arrow to get the true reading. 


To read any vernier, note the value of the last scale division passed by the zero of 
the vernier and to it add the least count multiplied by the number of the coincident 
vernier division. 


A vernier constructed as described is always read ahead of the zero, or in the di- 
rection in which the scale graduations increase, and is called a direct vernier. 
Verniers may also be constructed by dividing the length of a certain number of divi- 
sions of the scale, as 11, into eqnal parts one less in number, as 10. The principles 
of operation and method of reading are the same, except that the coincident line is! 
to be found behind the zero of the vernier, or in the direction in which scale gradu- 
ations decrease. This form is called retrograde. It is but little used. 


If the scale is graduated in both directions, as ia often the case, the vernier is 
donbled, the zero in the middle and each side forming a direct vernier for the grad- 
uations increasing in the same direction. This form is called double direct, fig. 56. 
The most compact form is that shown in fig. 57, called the falded vernier, in which, 
the graduations are numbered from the middle to one end and continue from the 
other end to the middle. This is read as a direct vernier in either direction. If the 
coincident line is akead of the middle or in the direction of increasing graduation, 
take its number from the middle as zero. If it is behind the middle, or in the direc- 
tion of decreasing graduation, take its number from the nearest end, counting the end 
liue as numbered on the vernier. 


Verniers are also constructed on cylindrical surfaces, fig. 58, and on conical sur- 
faces, fig. 59. The principles and method of reading are the same for all. : 


ADDENDUM, 1907. 


90a. A quick rough test as to whether an intermediate point obscures the view 
between two other points may be made by setting up at three points on the map 
pencils or other suitable objects having the corresponding elevatious marked on 
them on a convenient assumed scale. Sight, or stretch a thread, along the pencils. 
If the middle mark is above the line joining the other two, each of the two extreme 
points isinvisible from the other. If the middle point is below the line, each ex- 
treme point is visible from the other. 


ADDENDUM, 1909. 


91la. The statement in paragraph 91 of former editions that vinegar may be used 
to thin prepared india ink is erroneous. The effect of vinegar is to precipitate the 
coloring matter. Water may be used with satisfactory results, or spirits of ammoni@ 
if quickness of drying is important. Glycerin is recommended, but its use is likely 
to delay drying. 
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10l. The engineer's transit.—This instrument is shown, and the names of its 
parts indicated in fig. 60. To use the transit, set up the tripod, the legs extending 
far enough to give a stable base and so as to make the top surface of tue head hori- 
zontal or nearly so. On level ground the legs will be equally extended. On inclined 
ground, the leg on the lower side will be straighter aud the others more inclined. 
Remove the cap from the tripod and screw on the instrument in its place. Hang 
the plumb line on the hook depending through the tripod head, and adjust its length 
to bring the point of the plumb bob as close as possible to the setting point. Unclamp 
the vernier and turn the transit so that one of the plate levels is parallel to one pair 
of leveling screws. The other plate level will be parallel to the other pair. Bring 
the bubbles of the levels to the center in succession by means of the leveling screws. 
Always turn one of a pair down as the opposite one is turned up and avoid 
more pressure of the screws against the plate than is necessary for a firm bearing. 
If a screw turns hard at any time it is either sprung or has been set up too tight. 
In turning a pair of leveling screws always move the thumbs toward each other or 
away from each other. The bubble will follow the motion of the left thanmb. 


With the level bubbjes in the centers of their tubes, the plate will be level if the 
bubbles are in adjustment. Turn the transit slowly in azimuth and watch the bub- 
bles. If they remain in the centers, the plate is level and the levels are also 
correct. If either bubble leaves the center, the amount of its motion indicates tha 
amount by which it is out of adjustment. If the amount is small it may be neg- 
lected; if large, the adjustment should be made as hereafter described. For short 
lines the level error may be neglected if the entire bubble remains in sight during 
tbe entire revolution. Adjust the leveling screws in this case so that the travel of 
the bubble will be equal on Loth sides of the center. 


Having leveled the plate, draw out the eyepiece until the cross hairs are clearly 
defined. The instrument is now ready for use or adjustment. Adjustments should 
be invariably made in the order in which they are described, 


ist adjustment.—To make the axes of the plate levels perpendicular to the axis 
of the instrument and therefore parallel to the plate: . 


Having set up and leveled, clamp the limb and revolve the plate 180°. If either 
bubble recedes from the middle of its tube, bring it back by raising the lower, or 
depressing the higher end, one-half by the main leveling screws, and one-half by the 
small screws which fasten the level to the plate. Again revolve the plate 180° and 
if the bubble still recedes from the middle, correct the error as before and repeat 
the operation until the bubble does remain in the middle in both positions of the 
plate, When the adjustment is complete, both bubbles will remain in the center 
with the plate in any position. 


2d adjustment.—To place the intersection of the crogs wires in the straight lind 
through the optical center of the object glass and perpendicular to the horizontal 
axis of the telescope: 


The first adjustment completed, direct the telescope to some small, well-defined, 
and distant object. With the screw which moves the object-glass slide adjust the 
latter so that the distant object is as distinct as possible. Both cross wires and 
object should now he clearly seen. Note whether the image appears to move with 
reference to the wires when the eye is moved from side to side across the opening 
of the eyepiece. Such displacement is called parallax, and indicates that the image 
is not exactly in the plane of the cross wires. Move the object glass by its thumb- 
screw until the parallax ceases. This must be done every time the transit 
is used to read an angle, as well as when adjusting it, 


Unclamp the plate and lay the intersection of the wires upon the middle of 8 pin 
200 or 300 ft. distant; clamp the plate; plunge tbe telescope, that is, revolve it about 
its horizontal axis, and havea pin driven at the same distance from the transit so 
that its middle shall be seen exactly at the intersection of the cross wires. Revolve 
the plate 180°; clamp and lay exactly upon the middle of the firet pin. Again plunge 
the telescope and look at the second pin. If the intersection again strikes the pin 
the adjustment is correct, but if the pin appears to one side of the intersection, bring 
it back one-quarter of the way by the side reticle screws, turning one in as the other 
is turned out. If the instrument is erecting (most transits are) loosen the reticle 
screw on the side toward which the wire should move in the field and tigbten the 
other one. If inverting, turn the other way. Repeat the process until the pins are 
cut exactly in the middle without reference to position of transit or telescope. The 
adjustment will then be correct. 
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3d adjustment.—To make the horizontal axis of the telescope perpendicular to 
the vertical axis of the instrument: 


The instrument leveled, lay the telescope on a point at the top of a nearly vertical 
line, such as the corner of a building or a steady plumb line. Clamp the plate 
and depress the telescope until the horizontal wire is near the lower end of the ver- 
tical line, and note the position of the intersection of the wires with respect to the 
selected vertical, whether to right or left of it, and how much. Revolve the plate 
180°; plunge the telescope, and again bring the intersection of the cross wires on the 
top point of the selected vertical; again depress the telescope and bring the horizontal 
wire to the bottom of the vertical. If the intersection of the wires is again on the 
same side and at: the same distance from the selected vertical the adjustment is cor- 
rect. If itis not ao, raise or lower the movable support by the proper adjusting 
acrews so as to correct half the difference, and repeat the operation. If the instru- 
ment is erecting, raising the support will move the intersection away from it; or low- 
ering the support will move the intersection toward it. If inverting, the reverse. 


4th adjustment.—To make the vertical wire perpendicular to the horizontal 
axis: 

Level carefully and lay the top of the wire on a definite point. Elevate the tele- 
scope slowly and note whether the point remains on the wire. If not, loosen two 
adjacent reticle screws and tap the head of one very gently until the point will travel 
on the wire from end toend. Then tighten the screws. If gently tapping on a 
screw head does not move the wire, tap on the opposite side of the opposite screw. 


For a transit without vertical limb or attached level, known in the trade as a plain 
transit, the adjustments are now complete, If the transit has an attached level, 
its axis is made parallel to the line of sight by the— : 


5th adjustment.—Set up midway between two stakes, which have their tops at 
about the same elevation, and with the bubble of the attached level tin the center, 
read a rod on each stake. The difference in the readings is the true difference in 
level of the tops of the stakes. Move the instrument toward one of the stakes, and 
set it up so that the eyepiece is about over the center of the stake. Place the rod on 
the stake near the eyepiece, and set the target in the middle of the field as seen 
through the object glass. Set up the rod on the far stake with a target set at the read- 
ing just taken through the object glass, plus or minus the difference of level between 
stakes—plus if lower, minnsif higher. Bisect the target with the horizontal cross 
wire, The line of sight must now be horizontal, and keeping the vertical motion 
clamped so as to retain the pointing, adjust the bubble of the attached level to the 
center by means of the small screws at the movable end of its tube. Botb line of 
sight and axis of bubble are now horizontal and therefore parallel. 


Note that the position of the horizontal wire in the field is a matter of convenience 
tainly. Itis best to have it near the middle of the fleld and it can be placed there 
by inspection with alt needful precision. 


6th adjustment.—If the transit has a vertical limb in addition to the attached 
level, the line of sight and axis of the attached Jevel made parallel to each other by 
.the preceding adjustment should also be so adjusted that the vertical scale will read 
zero, when they are horizontal. If the vernier of the vertical limb is adjustable, 
bring the bubble of the attached level to the center and then adjust the vernier to 
read zero. If the vernier is fixed, the reading, when the attached level is hori- 
zontal, may be taken as an index erfor and applied to all readings, or the line of 
sight may be- adjusted to the vernier. To do this, establish a horizontal line from 
the center of the level to the target, as explained in the preceding adjustment. Set 
the vertical limb so that the vernier reads zero, and bring the intersection of the 
wires on to the target by the top and bottom reticle screws. Then keeping the in- 
tersection on the target, bring the bubble of the attached level to the center by its 
adjusting screws. The line of sight and the axis of the attached level are now 
parallel, and are horizontal when the vertical limb is at zero, which completes the 
adjustment. ‘ 


102. Use of the transit.—To measure a horizontal angle, set up over the vertex 
of the angle to be-measured, and direct the telescope algng one of the sides of the 
angle. Clamp limb and ‘plate—if the latter is set at zero it is more convenient—and 
with the tangent screw of the limb bring the intersection of the cross hairs ona 
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definite point of the line. Read each of the two verniers and record, calling one 
vernier A and one B, Unclamp the plate—not the limb—and direct the telescope 
along the other line. Clamp and bring the cross hairs to a definite point with the 
vernier tangent screw. Readand record as before. Take the differences of the two 
readings A and B, respectively. If these differences are the same, it is the value of 
the angle. If not, take the mean of the differences as the value. For greater 
accuracy, the method of repetition isused. After the first measurement is made, 
unclamp the limb—not the plate—and resight on the first point by means of the 
limb tangent screw, and proceed as before. The reading of the vernier is now twice 
the angle. Continue the repetitions until the desired number are made. The last 
reading divided by the number of measurements is the value of theangle. To guard 
against errors, it is well to read and record after each measurement. 


To measuré a vertical angle.—Point the instrument; clamp the horizontal 
motions and make the readings on the vertical limb. For greater accuracy when 
there is a complete vertical circle, revolve the instrument through 180°, plunge the 
telescope, and take new readings. If the results differ, use the mean. 


To run out a straight Hne.—Set up accurately over the initial point. Point 
the telescope in the required direction, and establish a second point. These two 
determine the line which is to be run out. Set up over the forward, or second point; 
lay the telescope on the initial point; clamp limb and plate; plunge telescope and 
set a point forward. If the adjustments are good, this third point will be in line 
with the first and second and the line may be prolonged by repeating the steps taken 
at the second point. 


Tf the adjustments are not good, set a third point as before. Then unclamp the 
Jimb and turn 180° in azimuth and lay on the initial point. Clamp and plunge 
again and set another third point beside the first one. Take the middle point be- 
tween the two for the true third point. This method eliminates errors of adjust- 
ment, except those of the plate levels. These are so easily observed and corrected 
that they should never exist when close work is required. 


103. Traversing.—The transit must be set at each station with the 0-180° line 
of the azimuth circle parallel to its position at preceding stations. Thys is called 
carrying an azimuth. The direction chosen for the 0-180° line is usually the 
true ¥. and §., or as near it as data at hand will permit. 


Having observed the second station from the first, proceed to the second, set up, 
and set one of the verniers at its reading from the first to the second station, plus 
180°, or at the back azimuth, Point at the first station and clamp thelimb. The 
line 0-180° is now in a position parallel to that at the first station. Unclamp the 
plate, direct the telescope to the third station and proceed as hefore. 


104. Stadia surveying, or stadia work, is in theory the determination of the 
distance of an object along the line of sight from the size of its image in a telescope. 
In usual practice, it is the determination of the distance from the size of the object 
at that distance which is required to produce an image of a fixed size in the tele- 
scope. The sizes of objects required to produce an image of fixed size are directly 
proportional to their distances from the point over which the telescope is set. This 
hypothesis is not rigidly correct, but the theoretical error is small and the practical 
errors negligible. 


The limits of the image in the telescope are fixed by two horizontal wires in the 
reticle, called stadia wires, one above and one below,the middle wire, and at nearly 
equal distances from it. The object most convenient to use isa graduated rod 
held vertically. Special graduations are used, presenting a variety of forms, so that 
different units may be recognized as far as the rod can be seen, and so also that 
small readings may be taken by estimating the position of the wire on a diagonal 
line. Very many different forms of stadia graduations have been proposed, and 
most experienced stadia workers have special forms which they consider better than 
any other. Fig. 63 shows a form which has received wide approval, and may safely 
be accepted ag one of the best. 


Wires can not be placed in reticles exactly at predetermined distances, ever 
though the places for them are accurately marked by the maker, They must be 
placed as accurately as possible, and their actual distances determined afterwards. 
Hence stadia rods are not in the market as level rods are, but must be made for each 
instrument. To minimize error of refraction, the upper wire should be placed on 
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the primary division nearest the top of the rod and the graduations counted down 
ward. Rods should be of light, straight-grained, well-seasoned wood, 12 to 14 ft, 
long, 5 ins, wide, and 7% in, thick, dressed smooth all around, and covered’ with twe 
coats of white paint. 


To graduate the rod, set the transit up over a point, and from the point meas- 
ure off a distance in round hundreds of feet so that at that distance somewhat more 
than half of the rod falls between the stadia wires. Set the top wire near the top of 
the rod, and have the point where each wire cuts the rod carefully marked. Measure 
the distance between the extreme marks and divide it by the number of hundreds of 
feet in the distance of the rod from-the transit point. The result is the length on 
the rod corresponding to 100 ft. Lay this distance off on the rod, beginning near 
the top and repeating to the bottom. Divide each 100 ft. space according to the 
etyle chosen, and mark the graduations. All distances read on this rod, except the 
one at which the length of graduation was found, will be slightly in error; those 
less, too small; and those greater, too large. 


‘A rod may be so graduated as to be practically free from error. Mark the zero 
near the top of the rod. Set the rod up at say 100 ft., bring the top wire to the 
zero, and mark the bottom one. Carry the rod to 200 ft., and repeat the operation. 
Continue at intervals of 100 ft. until the full length of the rod falls between the 
wires. Each of the marks corresponds to the distance at which it was made, and 
the space between it and the next, to the corresponding 100 ft. interval. The 10v ft. 
divisions are not exactly of equal length, and each must be divided into equal parts 
and marked. In using this rod, the top wire must be always at the top of the rod, 
and the same end of the rod always up, or error will be introduced. For long 
distances the reading from the top to the middle wire may be taken and multiplied 
by the ratio of the full to the partial interval. This ratio should be determined with 
care and may be utilized to secure a reading when ali the rod can not be seen and 
which would otherwise be lost. 


The stadia is used in connection with a transit with vertical limb, or a plane table, 
By reading a stadia rod through either instrument and noting the gradient and 
azimuth at the same time, a point may be completely determined both in position 
and elevation at a single observation. The distance measured is along the gradient, 
and may be reduced to the horizontal if desired, by Table XII. The elevation is 
obtained from Table III. Before reading the vertical circle, depress the telescope 
until ‘the middle wire is on a rod graduation at the same distance from the bottom 
that the telescope ia aboye the station or the ground. 


These instructions will introduce some error if the rod is always held vertical. It 
amounts to 1% of the distance for a gradient of 8°; 2% for 11°, and 3% for 14°, In 
rough country, giving important sights at gradients of more than 5°, it will be 
better to attach a short pointer to the rod perpendicular to its face and at about the 
height of the rod-holder’s eye. If the rod holder aims this pointer at the instrument. 
when the sight is taken, the rod will always be perpendicular to the line of sight, 
and the method of reduction explained will give results free from this error. 


A scale of equal parts, asa level rod, maybe used instead of a specially graduated 
stadia, Take two careful readings, at say 100 and 200ft. Their difference is the 
true reading for 100 ft. Divide 100 by the reading. The quotient is a factor, by 
which any other reading may bo multiplied, and the product will be the correspond- 
ing distance. Example: If the readings on a level rod are 1.15 ft. for 100 ft., 2.29 
ft, for 200 ft, then 2.29—1.15=1.14 ft. the true reading for 100 ft. 100+1.14=-88+, 
which is the reduction factor. Any reading on a scale of equal parts with this tele- 
ye multiplied by 88+ is the distance of the scale from the instrument in the unit 
of the scale. 


.105. Engineer’s leyel.—This instrument is shown and its parts indicated in fig. 
65. To use it, set up and focus as described for the transit, except that, as there is 
but one level, the telescope must be turned in the direction of one pair of leveling 
screws and leveled, and then turned in the direction of the other pair and leveled 
again. The second leveling may disturb the first, which should be retested, 
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1st adjustment.—To fix the intersection of the cross wires in the axis of the 
telescope: 

Lay the telescope exactly on some definite point. Revolve it in the wyes until the 
attached Jevelis on top. If the horizontal wire now appears above or below the 
point, move it over half the space between its position and the point by the top and’ 
bottom reticle screws, and the other half by the main leveling screws of the instru- 
ment, Revolve the telescope in the wyes till it is again in the first position, and 
repeat the operation till the horizontal wire neither ascends nor descends when the 
telescope is revolved in the wyes. A similar process adjusts the vertical wire. 


2d adjustment.—To make the axis of the attached level parallel to the axis of 
the telescope: 


Clamp the level; turn the telescope in the wyes until it comes against the stop, 
and with the main leveling screws bring the bubble to the middle of the tube. Open 
the loops, lift out the telescope, put it back with ends reversed, and turn it in the 
wyes till it comes against the stopagain. If the bubble settles away from the middle 
of the tube, bring it back by raising the lower end, or depressing the-higher end, 
one-half by the vertical adjusting screw at the end of the attached level, and one- 
half by the main leveling screws. Repeat all the operations until the bubble remains 
in the middle of the tube without reference to the way the telescope is placed in the 
wyes. The axes of the telescope and of the level are now horizontal but not neces- 
sarily parallel. Turn the telescope slowly in the wyes through a small angle. If 
the bubble does not remain at the middle point of its tube, bring it’ back by the 
horizontal adjusting screws of the attached level. If both parts of the adjustment 
are perfect, the bubble should now remain at the middle of its tube whether the 
latter is directly under the telescope or a little to one side. In practice it will be 
found difficalt to complete the first part of the adjustment in a satisfactory manner 
independently of the second part, The best sequence is to make the first part 
roughly; then the second part carefully; then the first part again more carefully, 
and so on till the desired permanency of bubble position is attained. 


3d adiustment.—To make the axis of the wyes perpendicular to the vertical axis 
of the instrument: 


This adjustment is not essential, but it is a convenience, as it permits the telescope 
to be revolved about the vertical axis without releveling before a reading is made. 
Level the instrument in any position ; revolve it 180° about the vertical axis and cor- 
rect one-half the movement of the bubble by adjusting the movable wye. Repeat for 
acheck. Asa final check, level the instrument when the telescope is over one set of 
leveling screws. Eevolve 90° and again level. The bubble should now remain in 
the middle of its tube while the instrument is slowly revolved about the vertical axis. 
To do accurate leveling it is necessary to check the adjustments frequently and make 
all observations with the greatest care. 


Level rods are of two kinds, target and self-reading or speaking. The tar- 
get rod is finely graduated and has a metal target sliding on it, which is graduated 
asavernier. The levelman signals to the rodman, who moves the target up or down. 
until it is in the right position, when the reading is taken by the rodman, or else the 
rod is carried to the levelman to be read. The ordinary form is the New York rod, 
fig. 64. The rod proper is in two parts, which slide on each other. For readings up 
to 644 feet the target ia moved on the rod and read from the graduation on the front 
part by a vernier on the target. For greater readings the target is clamped at 61% feet 
and the back part of the rod slid up on the front part, the reading being taken from 
a scale on the side of the back part by a vernier on the side of the front part. The 
rod is graduated to 100ths of feet and the verniers read to 1000ths. 


For convenience of field use fiexible rods are made, which roll up for carrying, 
and are stretched on a board for use. They may even be held in the hand. A com- 
mon form is shown in fig. 62. There is also a form consisting of a series of aluminum 
plates 1 ft. long, graduated, which may be fastened, end to end, on a board to form a 
level rod. 


* 106, Use of the level.—The first sight to any point is the fore sight (F. 8.), 
and a later sight to the same point from a new position of the instrument is a back 
sight (B.58.), All the elevations observed at any station depend upon the B. 8. at 
that station. A bench mark (B. M.) is a point especially selected or prepared with 
a view to definiteness and permanency. A turning point (T. P.) is a temporary 
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point used fora B.S. The plane of reference for each instrument station is the hori- 
zontal plane through the line of sight of the telescope, called height of instrument, 
(H.1.). A B.S. is a sight taken to a point of known elevation to determine H. I. 
A F.6&. is taken from a known H. I. to determine the elevation of the point sighted 
on, The rod readings are the distances of points below the plane of reference, and 
for the same station their differences are the differences of level of the points them- 
selves, For the difference of elevation of points observed from different stations the 
H. I. must be considered, and hence it must be worked out for each station and the 
rod readings subtracted from it, 


Fore sights and back sights on the same point should be as nearly as possible of 
equal length. : 


107, Notes.—The clearest way of recording level notes is in the following form: 


Station. Remarks, 


B.S. F. 8. 
os © ; El. 
fo = 
hata a 100.00 | B. M. 21 | NE. cor. Main and 12th streets. 
Wessun |pemenonn 6.41 | 102,34 -..| Stake 132. : 
3.28 | 105.41 |__ -| Center of 12th street at top of grade. 
-| 5,37 | 103.38 ---| Center of 12th street at bottom of grade, 
| 9.74] 99.01 


7,60 | 106.61 |__...__| 99.01 Pe. | 


Add the B. 8. to the elevation of the B. M. or T. P. for the H.I. Subtract the 
F. 8. from the H. I. for the elevation of a point. Asa check, the H. I. at any B. M. 
or T. P. plus the F. 8. to that point, minus the B. S. from that point, equals the last 
preceding H. I, 


108. The sextant,—This instrument is shown and its parts indicated in figs. 61 
and 66, The former is a very compact form, called the pocket sextant, and is the 
one in most general use in the military service, The larger form, fig. 66, has tele- 
scopes of different powers and also a telescope tube without lenses, which is used for 
reconnaissance work at short ranges. The pocket sextant has a telescope for use in 
astronomical and long-range terrestrial work. For ordinary reconnaissance and 
surveying, the pocket sextant is used without the telescope, the sight heing taken 
through a small hole in the slide which closes the telescope opening. 


The adjustments are as follows: For the index glass, place the vernier at 
about 30° of the limb and examine the arc and itsimage in the index glass. If the 
arc and image appear continuous, the glass is in adjustment. If the image appears 
above tbe arc, the mirror leans forward; if below, it leans backward. Adjust with 
screws if provided, or with slips of paper inserted between the mirror and its frame, 


For the horizon glass.—Set at zero and observe a well-defined distant point, 
using the telescope. If tke direct and reflected images coincide, the horizon glass id 
in adjustment. If not, adjust it untll they do, or if that can not be conveniently 
done, move the arm a short distance from zero until coincidence occurs, Read tho 
vernier and apply that reading with its proper sign to all angles measured. Sucha 
reading applied os a correction is called the index error. If the index error is off 
the arc, that is, between zero and the end, it is additive. If om the arc, sub- 

ractive. 


In the pocket form the horizon glass only is adjustable. To adjust the pocket 
sextant, select a distant object with a clearly defined straight outline. Set the 
vernier carefully at the zero of the arc and look at the object through the peephole 
and the lower portion of the horizon glass. Turn the sextant about the line of 
sight as an axis until the straight line appears to be perpendicular to the straight 
bottom edge of the horizon glass. If the instrument is not perfectly adjusted for 
this position, the straight line of the observed object will appear broken, in which 
case unscrew the smaller milled head of the top. plate, and using its small end as a 
key, turn the single adjusting screw in the cylindrical surface while looking at the 
object through the peep. The part of the image seen in the mirror will appear to 
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move, and by turning the key in the proper direction the two parts may be brought 
together. Next turn the sextant about 60° about the line of sight, and if the 
straight line again appears broken, use the key to slightly loosen one of the two ad- 
justing screws in the top plate while looking through the instrument. If this brings 
the two parts nearer in Hne, the proper screw has been selected; if not, try the other 
one, Then turn the two adjusting screws in the top plate by corresponding amountg 
and in opposite directions and continue turning them alternately till the straight 
line becomes continuous. The two screws are opposed to each other, and care must 
be taken to use no considerable force and to always unscrew one before screwing up 
the other. When the adjustment is complete, the line should remain continuous 
and straight while the sextant is slowly revolved about the line of sight. If the 
index arm is then moved back and forth by turning the large milled head, the re- 
flection of any object may be made to pass exactly over that object, ag seen through 
the clear glass, 


For adjusting at night, screw the telescope in place. Pull its inner tube well 
ont, Remove the sunglass from the eyepiece. Focus the telescope on a bright star" 
by pushing in the tube till the image of the staris clear. Then, by turning the 
large milled head, make the star’s reflected image pass through the field of view, Ifit 
does not pass exactly over the stationary image of the star, adjust the horizon glasa 
with the two screws in the top plate till one image will pass exactly over the other. 
Next set the vernier accurately to the zero of the arc, and with the single adjusting 
screw in the cylindrical surface make the two images appear as one. The inatru- 
ment is theu completely adjusted. The daylight method is most convenient, but it 
is well to test the adjustment by the star method before attempting to do any astro- 
nomical work. 


In the cylindrical surface just below the zero degree end of the arc are two project- 
ing levers which move colored glasses to be used in Jooking atthe sun. Atother times 
these glasses should be depressed through the opening in the bottom plate by first 
sliding the brass stud in the plate and then pushing the two levers, The telescope 
also has a colored sunglass secured on the eye end which must be removed when 
observing any otber object. 


109. The plane table.—The instrument is shown and its parts indicated in fig. 67. 


The adjustments are analogous to those of the transit, the table corresponding to 
the limb and the ruler to the plate. In revolving the plate for level adjustment, 
care must be taken to have it cover the same part of the table in both positions by 
marking two corners on the paper. The figure shows a device for plumbing any 
point on the tableoveragiven pointonthe ground. Except for very close work on a 
very large scale, this refinement is unnecessary. For all probable uses in the mili- 
tary service it is enough to place the corresponding part of the drawing over the 
station by the eye. 


110. The Jogarithm of a number is the exponent of the power to which a cer- 
tain other number, called the base, must be raised to produce the given number. 
The base of the system most used, called common logarithms, is 10. 


Tn any system—. 
The log. of a product equals the sum of the jou of the factors. 


The log, of a quotient equals the log. of the dividend minus the log. of the divisor; 
or the log. of a common fraction equals the log. of the numerator minus the log. of 
the denominator. 


The log. of 1 is 0; since the log. 1 = the log. + = the log. I:— log. 1 == 0. The 


log. of a power of a number equals the log. of the number multiplied by the exponent 
of the power. The log. of a root of a number equals the log. of the numher divided 
by the index of the root. 


The first property above is utilized in the construction of the tables. Each 
log. is the sum of the logs. of two factors of which its number is composed, and the 
factors may be so.chosen that the log. of one is a whole number, called the charac= 
teristic, and the log. of the other is a decimal fraction, called the mantissa. Any 
number may be resolved into two factors one of which is the number itself with the 
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decimal point after the first significant figure, and the other the figure 1, alone, or 
followed or preceded by one or more ciphers. 


Thus: 3760 = 3.76 X 1000 log. = 3.57518 
376 = 3.76 X 100 log. = 2.57518 

37.6=3.76 X10 log, = 1.57518 

3.76 = 3.76 X 1 log. = 0.57518 

0.376 = 3.76 X 0.1 log. = 1.57518 

0.0876 = 3.76 X 0.01 log. = 3.57518 

0.00376 = 3.76 X 0.001 log. = 3.57518 


The log. of the constant factor, 3.76 in the above example, is always a positive 
decimal fraction, and is called the mantissa, The log. of the variable factor in the 
third column above, is a whole number, and may be positive or negative. It is 
called the characteristic. The logs. of all numbers presenting the same combina- 
tion of significant figures have the same mantissa regardless of the position of the 
decimal point. Logarithmic tables contain mantissas only, since the charac- 
teristics may be written by inspection and mental calculation. To this rule tables of 
logarithmic circular functions are an exception, as will be explained later. If the 
number is whole or mixed, the characteristic of its log. is positive, and one less 
than the number of places of figures iu the integral part, or on the left of the 
decimal point. If the number is a decimal fraction, the characteristic of its log. 
isa epstive: and one greater than the number of ciphers immediately following 
the decimal point. See example preceding. If the characteristic is positive, 
the log. is @ mixed number, and may be treated as such in addition, subtraction, 
multiplication, and division. 


If the characteristic is negative, the log. is not a true mixed number, and 
special treatmeut is necessary. A wegative characteristic may be considered as 
composed of two numbers, ove negative and the other positive, The positive num- 
ber, prefixed to the mantissa, forms a mixed number for arithmetical operations. 
The positive and negative parts may be simultaneously increased numerically by the 
same number without altering the value of the log. 


Thus: 
. 3.4281 = 3 + 0.4281 


= 4 + 1.4281 
= 5 + 2.4281, etc, 
For example, to multiply 4.7265 by 4. 
4 + 0.7265 
4 


16 + 2.9060 = 14.9060, which is the required result. 


To subtract 1.8432 from 3.1329 = 4 + 1.1329. 
4+ 1.1329 
T + 0.9432 


3 + 0.2897 = 3.2897. 


To divide 2.2368 by 7. 3.2368 = 7 + 5.2368. 
7 + 5.2368 
7 
In this case the number added to the minus characteristic should be just enough to 
make it exactly divisible by the divisor. 

In the logs: of circular functions a characteristic is given in the tables which is 
larger by 10 than the true characteristic. These logs. may be used by the above rule 
by prefixing 10 to each. Thus the log. sine of 21 min. as given in the table — 7.78594, 
The true log. is 10 + 7.78594, or 3.78594, Those who are familiar with the use of 


these logs. perform the operation on the 10 mentally. The inexperienced will do 
well to write them out in full. 


= 1+ 0.7481 = 1.7481 
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111. Explanation of the table.—Table XIII gives to five decimal places the 
common logs. of numbers from 0 to 999, directly, and by interpolation from 0 to 
9999. If the log. of a number larger than 1 is desired, factor itand take the sum 
of the logs. of the factors. Thus, log. 99225 = log. of 75000, plus the log. of 1.323 = 
4.87506 + 0.12156 — 4.99662. Or, convert the number into a mixed number lesa 
than 1000 and find its log. Thus, log. 992.25 = 992 + 14 diff. between 992 and 993 = 
99662, which is the mantissa for 99225. 


Tn the table tbe logs. of 2 to 9 inclusive are found at the topsof the columns. For 
numbers above 10, the first two figures are in the first column, the 3d at the tops of 
the columns, and the 4th is interpolated. The right-hand column contains the aver- 
age difference in each line between logs. in successive columns. For the 4th place 
multiply yy of the difference on the same line by the 4th figure, and add the product 
to the log. of the first three figures. Thus: 


To find the log. of 4827, look for 48 in the left-hand column; follow the line to the 
column headed 2, and take out the mantissa .68304 for the number 482. In theright- 
hand column on the same line is the difference 90, 4, of which, 9, multiplied hy the 
4th figure 7, = 63, to be added to the log. of 482, making the mantissa of 4827 = 
.68367. The characteristic is 3 or 1 less than the number of places of integral figures 
iu the number, hence the complete log. of 4827 is 3.68367. 


When the difference exceeds 200, if close results are desired, use the difference ob- 


tained by subtracting the number found for the third figure from that in the column 
for the next higher figure. 


The number corresponding to any log. may be obtained from the table by the 
inverse process. If the given log. is found in the table, the corresponding number 
consists of the two figures on the left of the line, followed by the one at the top of 
the column. If the exact log. is not in the table, find the next one below and take 
out tbe three figures for that. Take the difference between the given log. and the 
one found in the table next below it and divide this diff. by 2, the tabulated diff. on 
the line. Write down the quotient for the 4th figure of the required number, 


Thus, to find the number corresponding to 1.49638. Thisis notin the table and 
the next below is 49554. The two figures on the left of the line are 31 and tbe figure 
at top of column is 3, Hence 313 is the number corresponding to 49554. The differ- 
ence between 49638 and 49554 is 74, which divided by 14 or #4 of the tabulated diff. 
138 on the right of the line gives a quotient of 5 + to be set down as the 4th figure, 
Hence the number required is 0.3135, since the characteristic ia 1 and therefore the 
significant figures are immediately after the decimal point. 


ADDENDUM, 1907. 


54a. The Engineer sketching case, model 1906, is shown in fig. 67a,p.93. It differs 
from the type shown in fig. 26 in the form of the slide, which embraces the radial 
bar B instead of lying in the slot only and in the two concentric clamping screws C 
and OC’; the former clamps the ruler to the slide, and tho latter the slide to the 
radial bar B, With both screws loose, the ruler can move in az. or along the bar. 
By setting screw C, the ruler is clamped in az., bnt may still be moved along the bar. 
By setting screw 0’ also, the ruler is fixed in position, it being understood that the 
clamping screw D, which holds the radial bar in az., is also clamped. 

The new form has graduations around the edge of the compass so that its stability 
may be tested at any time, and it may quickly be reset if disturbed. Cases for pen- 
cils are also provided in this new type. 
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Taste XIII. 


112. Common logarithms, 1 to 999: 


0. 


1. 


2. 


3 


00000 
04139 
07918 
11394 
14613 
17609 
20412 
23045 
25527 
27875 
30103 


32222 
SA242 
36173 
38021 
39794 
41497 
43136 
44716 
46240 
47712 


49136 
60515 
51851 
53148 
54407 
55630 
56820 
57978 
59106 
60206 


61278 
62325 
63347 
64345 
65321 
66276 
67210 
68124 
69020 
69897 


T0757 
71600 
72428 
73239 
74036 
74818 
75587 
76342 
77085 


TI815 * 


00000 
00432 
04532 
08278 
11727 
14921 
17897 
20682 
23299 
25767 
28103 
30319 


32428 
34439 
36561 
38201 
39967 
41664 
48296 
44870 
46389 
47856 


49276 
50650 
51982 
53275 
54530 


| 85750 


56937 
58092 
59217 
60314 


61384 
62428 
63447 
64443 
65417 
66370 
67302 
68214 
69108 
69983 


70842 
71683 
72509 
73319 
74115 


74896 


75663 
76417 


. 77158 
T7887 


30103 
Q0860 
04921 
08636 
12057 
15228 
18184 
20951 
23552 
26007 
28330 
30535 


32633 
34635 
36548 
38381 
40140 
41830 
43456 
45024 
46538 
48000 


49415 
50785 
52113 
53402 
54654 
55870 
57054 
58206 
59328 
60422 


61489 
62531 
63548 
64542 
65513 
66464 
67394 
68304 
69196 
70070 


70927 
T1767 
72591 
73399 
74193 
T4973 
75739 
76492 
77232 
77959 


47712 
01283 
05307 
08990 
12385 
15533 
18469 
21218 
23804 
26245 
28555 
30749 


32838 
34830 
36735 
38560 
40312 


41995 


43616 
45178 
46686 
48144 


49554 
50920 
52244 
53529 
54777 
55990 
57170 
58319 
59439 
60530 


61595 
62634 
63648 
64640 
65609 
66558 
67486 
68394 
69284 
70156 


71011 
71850 
72672 
73480 
714272 
75050 
75815 
76566 
77305 


78031 | .’ 


T1815 
02530 
06445 
10037 
13353 
16435 
19312 
22010 
24551 
26951 
29225 
31386 


33445 
35410 


"37291 


39093 
40824 
42488 
44090 
45636 
47129 
48572 


49968 
51321 
52633 
53907 
55145 
56348 
57518 
58658 
59769 
60852 


81909 
62941 
63948 
64933 
65896 
66838 
67760 
68663 
69548 
70415 


71285 
72098 
72916 
73719 
74507 
75281 
76042 
76789 
17524 
T8247 


84510 
02938 
06818 
10380 
13672 
16731 
19590 
22271 
24797 
27184 
29446 
31597 


33646 
35602 
37474 
39269 
40993 
42651 
44248 
45788 
47275 
48713 


50105 
51454 
52763 
54033 
55266 
56466 
57634 
58771 
59879 
60959 


62013 
63042 
64048 
65030 
65991 
66931 
67851 
68752 
69635 
70500 


71349 
72181 
72997 
73798 
74585 
75358 
76117 
76863 
T1597 
78318 


90309 
03342 
07188 
10721 
13987 
17026 
19865 
22530 
25042 
27415 
29666 
31806 


33845 
85793 
37657 
39445 
41162 
42813 
44404 
45939 
47421 
48855 


50242 
51587 
52891 
54157 
55388 
56584 
57749 
58883 
59988 
61066 


62118 
63144 
64147 
65127 
66086 
67024 
67942 
68842 
69722 
70586 


71433 
72263 
73078 
73878 
74663 
15434 
76192 
76937 
T7670 
78390 


95424 
03742 
07554 
11059 
14301 
17318 
20139 
22788 
25285 
27646 
29885 
32014 


34044 
35983 
37839 
39619 
41330 
42975 
44560 
46089 
47567 
“48995 


50379 
51719 
53020 
54282 
55509 
56702 
57863 
58995 
60097 
61172 


62221 
63245 
64246 
65224 
66181 
67117 
68033 
68930 
69810 
70671 


71516) 


72345 
73158 
73957 
74741 
75511 
76267 
77011 
7TTA2 
78461 
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No.] 0. 1. | 2. 5. 6. 7. 8. 9. a 
61 | 78533 | 78604 | T8676 | 78887 | 78958 | 79028| 79098.) 79169 71 
62 | 79239 | 79309 | 79379 79588 | 79657| 79726| 79796] 798654 70 
63 | 79934 | 80002 | 80071 80277 | 80345] 80413| 80482! 80550] 69 
64 ¢ 80618 | 80685 | 80753 80956 | 81023| 81090| 81157] 81224— 68 
65 ¥ 81291 | 81358 | 81424 81624 | 81690] 81756} 81822| 81888§ 67 
66 § 81954 | 82020 | 82085 j 82282 | 82347| 82412] 82477] 825429 66 
67 | 82607 | 82672 | 82736 82930 | 82994| 83058] 83123} 831879 65 
68 | 83250 | 83314 | 83378 83569 | 83632] 83695] 83758] 838219 64 
69 | 83884 | 83947 | 84010 84198 | 84260| 84323| 84385 | 84447] 63 
70 § 84509 | 84571 | 84633 84818 | 84880| 84941) 85003| 850649 62 
71 | 85125 | 85187 | 85248 85430 | 85491 | 85551) 85612] 85672] 61 
72 | 85733 | 85793 | 85853 86033 | 86093 | 86153] 86213] 862729§ 60 
73 | 86332 | 86391 | 86451 86628 | 86687 | 86746 | 86805} 86864] 59 
74 | 86923 | 86981 | 87040 87215 | 87273 | 87332! 87390| 87448] 58 
15 | 87506 | 87564 | 87621 87794 | 87852| 87909) 87966 | 880249 57 
76 | 88081 | 88138 | 88195 88366 | 88422] 88479 | 88536] 885923 56 
TT | 88649 | 88705 | 88761 88930] 88986] 89042 | 89098] 89153] 56 
78 | 89209 | 89265 | 89320 |. 89487 | 89542! 89597 | 89652| 89707] 55 
79 | 89762 | 89817 | 89872 90036 | 90091} 90145 | 90200 | 902549 54 
80 | 90309 | 90363 | 90417 90579 | 90633 | 90687 | 90741] 907949 54 
81 | 90848 | 90902 | 90955 91115 | 91169 | 91222] 91275 | 91328] 53 
82 | 91381 | 91434 | 91487 91645 | 91698! 91750} 91803] 91855} 53 
83 $ 91907 | 91960 | 92012 92168 | 92220 | 92272] 92424| 92376) 52 
84 | 92427 | 92479 | 92531 92685 | 92737 | 92788} 92839 | 928909 51 
85 | 92941 | 92993 | 93044 93196 | 93247 | 93298 | 93348 | 933999 61 
86 | 93449 | 93500 | 93550 93701 | 93751 | 93802] 93852 | 939024 50 
87 | 93951 | 94001 | 94051 94200 | 94250| 94300] 94349 | 94398 49 
88 | 94448 | 94497 | 94546 94694 | 94743 | 94792 | 94841] 94890] 49 
89 | 94939 | 94987 | 95036 95182 | 95230) 95279; 95327! 95376] 48 
90 | 95424 | 95472 | 95520 95664 } 95712 | 95760| 95808 | 958567 48 
91 | 95904 | 95951 | 95999 96142 | 96189 | 96236 | 96284 | 96331, 48 
92 | 96378 | 96426 | 96473 96614 } 96661 | 96708 | 96754| 96801] 47 
93 7 96848 | 96895 | 96941 97081 | .97127 | 97174| 97220| 97266] 47 
94 | 97312 | 97359 | 97405 97543 | 97589 | 97635) 97680| 977267 46 
95 | 97772 | 97818 | 97863 98000 | 98045 | 98091 | 98136) 98181} 46 
96 | 98227 | 98272 | 98317 98452 | 98497 | 98542) 98587 | 986329 45 
97 § 98677 | 98721 | 98766 98900 | 98945 | 98989) 99033| 990788 45 
98 | 99122 | 99166 | 99211 99343 | 99387 | 99431] 99475 | 995199 44 
99 } 99563 | 99607 | 99651 99604 | 99738 } 99782 | 99825 | 99869) 99913) 99956] 44 
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113. Taste XIV—Common logarithms of. circular functions: 


Arc. Sine. Diff. Cosine. Tang. Diff. Cotang. 

of : ov 

0 00 | Inf.neg. |------_ 10. 00000 Inf.neg. |----_.- Inf. pos, 90 00 
O01 | 6.46373 {|_______ 10. 00000 6. 46373 }_______ 13. 53627 59 
02 . 76476 | 30103 | 10. 00000 . 76476 | 30103 «23524 58 
03 | 6.94085 | 17609 | 10.00000 6.94085 | 17609 | 13.05915 57 
04 | 7.06579 | 12494 | 10,.00000 7,06579 | 12494 | 12.93421 56 
05 . 16270 | 9691 | 10. 00000 - 16270 | 9691 . 83730 55 
06 .24188 | 7918 | 9.99999 . 24188 | 7918 - 75812 54 
07 . 30882 ; 6694 . 99999 - 30882 | 6694 . 69117 53 
a8 . 36682 ; 5800 - 99999 «36682 | 6800 - 63318 52 
09 «41797 | 5116 .99999 ~41797 | 5115 «68208 61 
10 -46373 | 4576 - 99999 - 46373 | 4576 . 53627 50 
11 | 7.60512 | 4139 | 9.99999 7.50512 | 4139 | 12.49488 49 
12 .54291 | 3779 - 99999 .54291 | 3779 «45709 48 
13 .5T767 | 3476 «99999 . 67767 | 3476 «42233 47 
14 . 60985 | 3218 «99999 . 60986 | 3219 . 89014 46 
15 . 63982 | 2996 - 99999 . 63982 | 2996 - 36018 45 
16 . 66784 | 2803 «99999 . 88785 | 2803 . 83215 44 
17 . 69417 | 2633 - 99999 .69418 | 2633 . 80582 43 
18 . 71900 | 2482 . 99999 . 71900 | 2482 . 28100 42 
19 - 74248 | 2348 - 99999 - 74248 | 2348 25752 41 
20 . 76475 | 2227 99999 . 76476 | 2228 23524 40 
21 | 7.78594 | 2119] 9.99999 7.78595 } 2119 | 12.21405 389 
22 . 80615 | 2020 + 99999 . 80615 | 2020 . 19384 38 
23 - 82545 | 1930 . 99999 - 82546 | 1931 ~ 17454 37 
24 . 84393 | 1848 99999 - 84394 | 1848 - 15606 36 
25 - 86166 | 1773 - 99999 . 86167 | 1773 - 18833 35 
26 . 87869 | 1703 + 99999 87871 | 1704 312129 34 
27 . 89508 | 1639 . 99999 - 89510 | 1639 - 10490 33 
28 - 91088 | 1580 «99999 - 91089 | 1579 - 08911 32 
29 -92612 | 1524 + 99998 - 92613 | 1524 07387 31 
30 - 94084 | 1472 . 99998 |_ - 94086 | 1473 05914 30 
31] 7.95508 | 1424) 9,99998 |. 7.95510 | 1424 | 12,04490 29 
32 . 96887 | 1379 - 99998 |_ - 96889] 1379 - 03111 28 
33 - 98223 | 1336 «99998 |. - 98225 | 1336 -OLTT5 27 
34 | 7.99520 | 1297 - 99998 |_ 7.99522 | 1297 | 12.00478 26 
35 | 8.00779 | 1259 «99998 |. 8.00781 | 1259] 11.99219 25 
36 . 02002 | 1223 - 99998 |. .02004 | 1223 - 97996 24 
37 - 03192 | 1190 99997 }|_ . 03194 | 1190 - 96805 23 
38 - 04350 | 1158 - 99997 | - 04353 | 1158 - 95647 22 
39 . 05478 | 1128 - 99997 |. - 05481 | 1128 - 94519 21 
40 . 06578 | 1100 . 99997 |. . 06581 ; 1100 - 93419 20 
41 |. 8.07650 | 1072 | 9.99997 |~. 8.07653 | 1072 |’ 11.92347 19 
42 - 08696 | 1046 . 99997 |_ -08700 | 1047 » 91300 18 
43 - 09718 | 1022 - 99997 }_. -09722 | 1022 . 90278 17 
44 . 10717 998 . 99996 |_ - 10720 989 - 89280" 16 
45 |. .11693 976 - 99996 |_. . 11696 976 . 88304 16 
46 . 12647 954 - 99996 {_. . 12651 955 - 87346 14 
47 . 13581 934 - 99996 |. - 13585 934 - 86415 +18 
48 - 14495 914 - 99996 |_ - 14500 915 . 85500 12 
49 . 15391 895 ~ 99996 |. «15395 895 . 84605 11 
50 . 16268 877 . 99995 |_. - 16273 878 . 83727 10 
51{ 8.17128 860 | 9.99995 |_ 8.17133 860 | 11.82867 8 
52 «17971 843 - 99995 |_. 17976 843 ; 82024 8 
58 - 18798 827 - 99995 |_. - 18804 828 81196 7 
54 . 19610 812 - 99995 |_. . 19616 812 - 80384 6 
55 - 20407 797 . 99994 |_ - 20413 797 . 19587 5 
56 - 21189 782 . 99994 . 21195 782 - 78805 4 
57 . 21958 769 . 99994 . 21964 769 - 78036 3 
58 - 22713 755 . 99994 _. 22719 755 «77280 2 
59 «23456 743 . 99994 - 23462 743 - 76538 1 
60 | 8, 24185 729 | 9.99993 8. 24192 730 | 11.75808 89 0 

Cosine. | Diff. Sine. Cotang. | Diff. Tang. Arc. 
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Tarte XIV—Common logarithms of circular functions—Continued. 


Arc. 

°o ’ 

1 00 
01 
02 
03 
04 
05 
06 
07 
08 
09 


10" 


11 
12 
13 
14 
15 
16 
ve 
18 
19 


20 | 


21 
22 


87625—09-—7 


Sine. Diff. | Cosine. | Diff.) Tang. Diff. | Cotang. | 
°o ‘ 
8, 24185 729 9, 99993 |.-.- 8, 24192 730 | 11. 75808 60 
*, 24903 718 . 99993 |_____ . 24910 718 . 75090 59 
. 25609 706 . 99993 ;_-__- . 25616 706 . 14383 58 
. 26304 695 . 99993 |_____ - 26311 695 . T3688 57 
. 26988 684 . 99992 |_____ . 26996 685 . 73004 66 
. 27661 673 . 99992 |_. . 27669 673 . 12331 55 
. 28324 663 . 99992 |_ . 28332 663 . 71668 54 
. 28977 653 - 99992 |. . 28986 654 «T1014 53 
, 29621 644 - 99991 |_ . 29629 643 - 70371 52 
. 30255 634 . 99991 |_ . 30263 634 . 69737 51 
. 30879 624 . 99991 |. . 30888 625 . 69112 50 
8.31495 616 9.99991 |_ 8.31505 617 11, 68496 49 
. 32103 608 + 99990 |. . 82112 607 - 67888 48 
- 32702 599 . 99990 |_ . 82711 599 . 67289 47 
«33292 590 - 99990 |_ . 33302 591 - 66697 46 
. 33875 583 . 99990 |. . 33886 584 66114 45 
. 34460 675 - 99989 |_ . 34461 575 «65539 44 
. 35018 568 «99989 |_ . 35029 568 . 64971 43 
. 86578 560 . 99989 |_ . 35589 560 - 64410 42 
. 86131 553 ~ 99988 |_ . 36143 554 | . 63857 41 
36678 647 . 99988 |_ . 36689 546 , 63310 40 
8, 37217 639 9, 99988 |_____ 8, 87229 540 | 11.62771 39 
. 37750 633 «99988 |_ . 37762 633 . 62238 88 
. 38276 526 . 99987 |. . 38289 527 -61711 37 
. 38796 620 «99987 |. . 38809 520 «61191 36 
. 39310 614 + 99987 |_ 39323 514 - 60677 35 
39818 508 + 99986 |. - 39831 508 - 60168 34 
- 40320 602 - 99986 | _ «40334 503 - 59666 38 
- 40816 496 99986 | _ - 40830 496 - 59170 32 
* 41307 491 + 99985 | _ + 41321 491 «58679 31 
«41792 485 99985 - 41807 486 - 58193 30 
8, 42272 480 | 9.99985 |_ 8, 42287 480 | 11.57713 29 
«42746 474 99984 |_ «42762 475 «57238 28 
43216 470 - 99984 |. - 43231 469 - 66768 27 
. 43680 464 . 99984 |_ . 43696 465 - 56304 26 
~ 44139 459 - 99983 44156 460 55844 25 
44594 456 + 99983 |_ -44611 | 455 - 55389 24 
45044 450 - 99983 |. - 45061 450 - 54939 23 
. 46489 445 . 99982 | _ « 45607 446 . 54493 22 
. 45930 441 «99982 |_ ~ 45948 441 54052 val 
. 46366 436 «99982 |_____ «46385 437 53615 20 
8. 46798 482 ; 9.99981 8.46817 432 | 11,53183 19 
«47226 428 - 99981 |_ «47245 428 «52756 18 
- 47650 424 . 99980 . 47669 424 52331 i? 
. 48069 419 . 99980 |_. . 48089 420 - 51911 16 
«48485 416 . 99980 |. + 48505 416 «51495 15 
«48896 411 . 99979 |_ - 48917 412 . 51083 14 
- 49304 408 - 99979 |_. - 49325, 408 . 50675 13 
«49708 404 « 99979 |_. - 49729 404 . 60271 12 
- 50108 400 - 99978 |_ - 50130 401 - 49870 11 
- 50504 396 - 99978 |_ - 50527 397 - 49473 10 
8. 50897 893 | 9.99977 |_. 8. 60920 393 11, 49080 9 
. 51287 390 | . .99977 |_. . 51310 390 - 48690 8 
- 51673 386 99976 |_ - 61696 386 - 48304 7 
~ 52055 382 - 99976 |_ + 52079 383 -47921 6 
~ 52434 879 - 99976 |_ . 52450 880 47541 5 
. 52810 376 - 99975 |_. ~ 52835 376 - - 47165 4 
. 63183 373 » 99975 |_ . 53208 373 - 46792 3 
~ 58552 369 99974 |_ 53578 370 * 46422 2 
58919 | 367 99974 | _. 53945 367 . 46055 1 
8. 54282 363 9.99973 |_____] 8. 54308 363 | 11. 45692 88 0 
Cosine. .| Diff. Sine. Diff.| Cotang. | Diff. Tang. Are. 
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Taste XIV—Common logarithms of circular functions— Continued. 


Arc. Sine. Dift. Cosine. | Diff.| Tang. Diff. Cotang. 

oO ¥ ° , 

2 00| 8.54282] 363] 9.99973 _| 8.54808 | 363] 11.45692 60 
01 .54642 | 360 99973 _| 54669 | 361 45331 59 
o2| .54999| 357 99973 _|  .55027 | 358 44973 58 
93 55354 | 356 . 99972 _|  .55382 | 355 44618 87 
04{ .55705 | 351 99972 _| .557384 | 352° - 44266 56 
05 56054 | 349 - 99971 _|  .56083 | 349 43917 5B 
06} .56400] 346] .99971 _| .56429 | 346 43571 54 
o7 | 56743 | 343 -99970 |__| .56773 | 344 43227 53 
08 | .57084| 341 -99970 |---| .57114] 341 «42886 62 
09] .57421) 337 99969 |---| .57452 | 338 42548 51 
10| .57757{ 336] .99969]---__| .57788 | 336 42212 50 
11 | 8.58089 | 332] 9.99968 ].----| 8.58121} 333] 11.41879 49 
12} .68419 | 330] .99968 |_| .58451 | 330 . 41649 48 
13 | .58747 | 328 . 99967 |---| .68779 | 328 41220 47 
14| .59072| 325 | .99967 |__| .59105 | 326 - 40895 46 
15 .59395 | 323) .99966|.__--| .59428] 323 40572 45 
16 | .59715 | 320| .99966 -| .59749| 321 40251 44 
17 | .60033 | 318} .99965 -| .60068| 319 39982 43 
ig | .60349] 316 | .99965 |_----| .60384] 316 - 39316 42 
19 | .60662| 313] .99964}-.___| .60698] 314 39302 41 
20] .60973 | 311 99964 |__| .61009 | 311 . 38991 40 
21 | 8.61282 | 309] 9.99963 |--___| 8.61319] 310} 11.38681 39 
22| .61589| 307| .99963 -61626 | 307 38374 38 
23 | .61894| 305] .99962{|-.___; .61981] 305 - 38069 37 
24| .62196 | 302 99962 -62234 | 303 37766 36 
25 | .62496| 300| .99961 62535 | 301 87465 35 
26| .62795| 299] .99961 -62834 | 299 37166 34 
27 | .63091| 296}; .99960 -63181 | 297 - 36869 33 
2s | .63385 | 294| .99960 -63426 | 295 36574 32 
29| .63678} 293]  .99959 .63718 | 292 36282 31 
30| .63968] 290] .99959 .64009 | 291 . 35991 30 
31} 8.64256] 288} 9,99958 8.64298 | 289] 11.35702 29 
32} .64543 | 287) 99957 -64585 | 287 - 35415 28 
33 | .64827| 284! ‘99957 .64870 | 285 . 85130 qT 
34| .65110]| 283} .99956 -65154 | 284 34846 26 
35 | .65391 | 281 - 99956 -65435 | 281 34565 5 
36 | .65670} 279 99955 .65715 | 280 34285 24 
37 | .65947 | 277 | .99955 - 65993 | 278 34007 28 
88 | .66223| 276 | .99954 66269 | 276 33731 22 
39 | .66497| 274 | .99953 -66543 | 274 33457 a 
40| .66769| 272 | .99953 .66816 | 273] .33184 20 
41 | 8.67039] 270) 9.99952 8.67087 | 271 | 11.32913 19 
42] .67308| 269 99952 . 67356 | 269 . 32644 18 
43 | .67575 | 267 99951 67624 | 268 . 32376 Ww 
44] .67840| 265 | .99951 .67890 | 266 . 32110 16 
45 -68104 | 264]  .99950 -68154 | 264 . 31846 15 
46] .68366} 262] .99949 68417 | 263 31583 4 
47 | .68627} 261) .99949 .68678 | 261 . 31322 18 
48] .68886| 259] .99948 . 68938 | 260 . 31062 2 
49} .69144/ 258] .99947 -69196 | 258 . 30804 1 
60] .69400| 256] .99947 |____. -69453 | 257 . 30547 10 
51] 8.69654 | 254] 9.99946 |_____ 8.69708 | 255] 11,30292 9 
62| 69907) 253 99946 -69962 | 264 . 30038 8 
631 .70159 | 252 99945 -70214 | 252 . 29786 7 
54} 70409 | 250] .99944 70465 | 251 . 29535 6 
55 -70658 | 249 | .99944 . 70714 | 249 . 29286 5 
56] .70905| 247] .99943 . 70962 | 248 . 29038 4 
57] .71151 | 246] 99942 .71208 | 246 . 28792 3 
58] .71395 | 244| .99942 71453 | 245 . 28547 2 
69{ .71688| 243] .99941 |__| .71697 | 244] 28303 1 
60 | 8.71880] 242] 9.99940 |. 8.71940 | 243] 11,28060} 87 0 

Cosine. | Diff. Sine. | Diff.; Cotang. | Diff Tang. Are 
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Taste XIV—Common logarithms of circular functions—Continued. 


Arc. 


° 


3 


, 


00 
ol 
02 
03 
04 
05 
06 
07 
08 
09 
10 


11 


Sine. 


8. 71880 
« 72120 
- 72359 
- T2597 
- 72834 
= T3069 
- 73303 
- 73535 
- T3767 
- T3997 
- 74226 


8.74454 
- 74680 
- 14805 
- 75130 
- 75353 
- T5575 
«75795 
- T6015 
«76234 
«76451 


8.76667 
«76883 
«T1097 
- T7310 
- T1522 
- TTT33 
- 77943 
+78152 
- 78360 
- T8567 


8. 78774 
- 78979 
- 79183 
- 79386 
- 19588 
«79789 
«79990 
- 80189 
- 80388 
«80585 


8. 80782 
- 80978 
- 81173 
- 81367 
. 81560 
- 81752 
. 81944 
- 82134 
- 82324 
- 82613 

8. 82701 
- 82888 
- 83075 
- 83261 
- 83446 
- 83630 
. 83813 
- 83996 
- 84177 

8. 84358 


- Cosine. 


Diff. 


242 
240 
239 
238 
* 237 
235 
234 
232 
232 
230 
229 


228 
226 
225 
225 
223 
222 
220 
220 


219 
217 
216 
216 
214 
213 
212 
211 
210 
209 
208 
207 


207 
205 
204 
203 
202 
201 
201 
199 
199 
197 


197 
196 
195 
194 
193 
192 
192 
190 
190 
189 


188 
187 
187 
186 
185 
184 
183 
183 


181 
181 


Diff. 


Cosine. 


9. 99940 
- 99940 
«99939 
- 99938 
- 99938 
- 99937 
- 99936 
. 99936 


- 99935 | 


- 99934 
. 99934 


9. 99933 
- 99932 
- 99931 
- 99931 
. 99930 
. 99929 
«99929 
- 99928 
. 99927 
. 99926 


9,99926 
- 99926 
+ 99924 
«99923 
- 99923 
- 99922 
- 99921 
- 99920 
- 99920 
+ 99919 


9. 99918 
- 99917 


- 99917 |- 


- 99916 
+ 99915 
- 99914 
- 99913 


- 99913. 


- 99912 
. 99911 


9.99910 
- 99909 
- 99909 
- 99908 
+ 99907 
- 99906 
- 99905 
- 99904 
- 99904 
- 99903 


9. 99902 
«99901 
- 99900 
- 99899 
- 99898 
- 99898 
- 99897 
- 99896 


= 99895 j_ 
9, 99894 


Sine. 


Diff 


bPterrrereret 


ytettt?httdt 


Pretrrrreis 


Lererverris 


Po dolek tf 


Diff. | Cotang. 


Tang. 


8. 74521 
= T4748 
 TA9T4 
. 75199 
«75423 
« T5645 
«15867 
- 76087 
- 76306 
«16525 


8. 76742 
. 16958 
«T7173 
- T1387 
- T1699 
T7811 
- T8022 
- 78232 
. 78441 
- 78649 


8.78855 
- 79061 
. 79266 
«79470 
«79673 
« T9875 
- 80076 
- 80276 
~ 80476 
- 80674 


8. 80872 
- 81068 
. 81264 
- 81459 
. 81653 
- 81846 
. 82038 
- 82230 
. 82420 
. 82610 


8.82799 
. 82987 
- 83175 
- 83361 
83547 
- 83732 
. 83916 
- 84100 
- 84282 
8. 84464 


Diff. Cotang. 
fo} f 
243 | ' 11. 28060 60 
241 - 27819 59 
239 «27579 ‘58 
239 - 27341 57 
237 - 27104 56 
236 - 26869 55 
234 - 26634 54 
234 - 26400 53 
232 . 26168 52 
231 ~ 25937 51 
229 - 25708 50 
229) 11.25479 49 
227 - 25252 48 
226 ~ 25026 47 
225 - 24801 46 
224 «24577 45 
222, 24355 44 
222 - 24133 43 
220 . 23918 42 
219 - 23693 41 
219 «23475 40 
217 | 11. 23258 39 
216 . 23042 38 
215 - 22827 387 
214 - 22613 36 
212 - 22400 35 
212 - 22189 84 
211 = 21978 33 
210 - 21768 32 
209 «21559 31 
208 + 21351 30 
206 | 11.21145 29 
206 + 20939 28 
205 - 20734 27 
204 - 20530 26 
203 - 20327 25 
202 - 20125 p27 
201 - 19924 23 
200 - 19723 22 
200 + 19524 21 
198 - 19326 20 
198 | 11. 19128 19 
196 - 18982 .18 
196 - 18736 17 
195 - 18541 16 
194 «18347 15 
193 «18154 14 
192 «17962 13 
192 -17770 | 12 
190 «17579 11 
190 . 17390 10 
189 | 11.17201 2 
1838 - 17013 8 
188 - 16825 7 
186 . 16639 6 
186 - 16453 5 
185 . 16268 4 
184 - 16084 3 
184 . 15900 2 
182 ~15717 1 
182 | 11.15536 86 0 
Diff. Tang. Arc. 
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ENGINEER FIELD MANUAL. 


Taste XIV—Common logarithms of circular functions—Continued. 


Are, Sine. Diff. | Cosine. | Diff.| Tang. Diff. Cotang, 
oO , i 2] t 
4 00| 8.84358 | 181 | 9.99894 1] 8.84464 182 | 11.15536 | 86 00 
10 . 86128 1770 . 99885 9 - 86243 1779 ~ 18757 50 
20 . 87828 | 1700 . 99876 9 . 87953 | 1710 - 12047 40 
30 - 89464 | 1636 - 99866 | 16 . 89598 | 1645 «10402 30 
40 «91040 | 1576 «99856 | 10 -91185 | 1587 | - 08815 20 
50 -92561 | 1521 - 99845 | 11 -92716 | 1531 - 07284 10 
5 00 | 8.94030) 1469 | 9.99834 | 11] 8.94195 | 1479] 11.05805 | 85 00 
10 + 95450 | 1420 - 99823 | 11 .95627 | 1482 . 04373 50 
20 - 96825 | 1375 - 99812 | 11 . 97013 | 1386 . 02987 40 
30 . 98157 1332 . 99800 12 - 98358 1345 . 01642 30 
40 - 99450 | 1293 . 99787 | 18 - 99662 | 1304 . 00338 20 
60 | 9.00704 | 1254 . 99774 | 13 | 9.00930 | 1268 | 10.99070 10 
6 00 | 9.01923 | 1219 | 9.99761 | 13, 9.02162 | 12382 | 10.97838 | 84 00 
10 .03109 | 1186 - 99748 | 13 . 03361 | 1199 . 96639 50 
20 04262 | 1153 . 99734 | 14 - 04528 | 1167 95472 40 
30 . 05386 | 1124 - 99720 | 14 - 05666 | 1138 - 94334 80 
40 - 06481 | 1095 - 99705 | 15 .06775 | 1109 93225 20 
50 - 07548 | 1067 - 99690 | 15 .07858 | 1083 92142 10 
7 00 9. 08589 1041 9, 99675 15 9. 08914 1056 10, 91086 83 00 
10 -09606 | 1017 .99659 | 16 .09947 | 1033 . 90053 50 
20 - 10599 993 .99643'| 16 .10956 | 1009 . 89044 40 
30 . 11570 971 -99627 | 16 11943 987 . 88057 80 
40 . 12519 949 - 99610 | 17 . 12909 966 87001 20 
60 13447 928 - 99593 | 17 - 18854 945 - 86146 10 
8 OO | 9.14355 908 | 9.99575 | 18] 9.14780 926 | 10,85220 | 82 00 
10 «15245 890 -99557 | 18 - 15688 908 84312 50 
20 - 16116 871 - 99539 | 18 . 16577 889 «83423 40 
30 . 16970 854 -99520 | 19 . 17450 873 - 82550 30 
40 - 17807 837 -99501 | 19 - 18306 856 81694 20 
50 - 18628 821 - 99482 | 19 - 19146 840 - 80854 10 
9 00] 9.19433 805 | 9.99462 | 20) 9.19971 825 | 10.80029 |) 81 00 
10 - 20223 790 -99442 | 20 + 20782 811 . 79218 50 
20 . 20999 776 -99421 | 21 «21578 796 - 78422 40 
30 . 21761 762 - 99400 | 21 . 22361 783 . T7639 30 
40 + 22509 748 + 99379 | 21 - 23130 769 . 76870 20 
50 + 23244 735 - 99357 | 22 . 23887 757 . T6113 10 
10 00 9, 23967 723 9, 99335 22 9, 24632 T45 10, 75368 80 00 
10 » 24677 710 - 99313 | 22 - 25365 733 T4635 60 
20 - 25376 699 + 99290 | 23 - 26086 721 . T3914 40 
30 - 26063 687 - 99267 | 23 - 26797 Th . T3203 30 
40 + 26739 676 -99243 | 24 - 27496 699 . 72504 20 
50 . 27405 636 -99219 | 24 - 28186 690 +, 71814 10 
11 00] 9.28060 645 | 9.99195 | 24 | 9.28865 679 | 10.711356 | 79 00 
0 28705 646 -99170 | 25 - 29535 670 . 70465 50 
20] | . 29340 635 -99145 | 25 - 30195 660 - 69805 40 
30 - 29965 625 -90119 | 26 - 30846 651 - 69154 30 
40 - 30582 617 - 99093 | 26 - 31488 642 - 68511 20 
50 -31189 607 - 99067 | 26 - 32122 634 - 67878 10 
12 00; 9.31788 599; 9.99040 | 27 | 9.32747 625} 10.67252 | 78 00 
10 - 32378 590 -99013 | 27 «33365 618 - 66635 50. 
20 - 32960 582 - 98986 } 27 33974 609 - 66026 40 
30 33534 574 - 98958 28 34575 601 . 65424 30 
40 - 34100 566 - 98930 | 28 . 35170 595 - 64830 20 
50 84658 558 - 98901 } 29 85757 587 - 64243 19 
Cosine. Diff. Sine. Diff. | Cotang. | Diff. Tang. Are. 
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Taste XIV—Common logarithms of circular functlons—Continued. 


Are. 


14 


15 


16 


Wy 


18 


19 


20 


21 


Cotang. 


Sine. Diff. Cosine. | Diff.| Tang. Diff. Cotang. 
o a 
9. 85209 551 | 9.98872 | 29] 9.36336 579 | 10.63664 | 77 00 
85752 543 -98843.| 29 386909 573 . 63091 50 
36289 537 - 98813 | 30 . 87476 567 62524 40 
. 36818 528 - 98783 | 30 - 38035 559 . 61965 30 
.3T341 523 . 98753 | 30 38589 654 .61411 20 
. 87858 517 - 98722 | 31 89136 547 - 60864 10 
9, 88367 509 | 9.98690 | 32] 9.39677 541 | 10.60323 | 76 00 
88871 504 . 98659 | 31 40212 535 . 59788 50 
. 39368 497 - 98627 | 32 . 40742 530 . 59258 40 
- 89860 492 - 98594 | 33 . 41266 624 . 587384 30 
- 40845 485 .98561 | 33 41784 518 - 58216 20 
. 40825 480 - 98528 | 33 . 42297 613 . 67703 10 
9. 41300 475) 9.98494) 34) 9.42805 608 | 10.57195 | 75 00 
41768 468 - 98460 | 34 - 43308 508 - 56692 60 
- 42232 464 -98426 | 34 - 43806 498 . 66194 40 
. 42690 458 . 98391 35 ~ 44299 493 . 55701 30 
43143 453 - 98356 | 35 ~44787 488 . 65213 20 
48591 448 . 98320 | 36 45271 484 54729 10 
9, 44034 443 | 9,98284]) 36] 9.45750 479 | 1054250 | 74 00 
44472 438 . 98248 | 36 - 46224 474 . 58776 50 
44905 433 -98211 | 37 -46694 | , 470 . 53305 40 
45334 429 .98174 | 87 - 47160 466 - 52839 30. 
45758 424 - 98136 | 38 - 47622 462 . 52378 20 
46178 420 - 98098 | 38 - 48080 458 . 51920 10 
9, 46593, 415 | 9,98060 | 38 | 9.48534 454} 10.51466 | 73 00 
«47005 412 - 98021 | 39 48984 450 .51016 60 
47411 406 - 97982 | 39 - 49430 446 - 50570 40 
.47814 403 -97942 | 40 49872 442 - 60128 30 
- 48213 3809 - 97902 | 40 - 50311 439 49689 20 
- 48607 394. -97861 | 41 - 50746 435 49254 10 
9, 48998 391 | 9,97821 | 40] 9.61178 482 | 10,48822 | 72 00 
- 49385 387. -97779 | 42 - 51606 428 48394 50 
49768 383 - 97738 | 41 - 52030 424 . 47969 40 
- 50148 380 - 97696 | 42 - 52452 422 - 47548 30 
60523 375 - 97653 | 43 - 52870 418 -47130 20 
- 50896 373 - 97610 | 43 58285 415 -46715 10 
9, 61264 368 | 9.97567 | 43 | 9.63697 412 | 10,46303 | 71 00 
- 51629 365 . 97523 | 44 - 54106 409 45894 50 
«51991 362 «97479 | 44 - 64512 406 . 45488 40 
52349 358 - 97435 | 44 - 54915 403 . 45086 30 
. 52705 356 . 97390 | 45 - 66315 400 - 44685 20 
53056 351 - 97344 | 46 55712 3897 - 44288 10 
9, 53405 349 | 9.97299} 45 | 9.56107 395 | 10,43893 | 70 00 
53761 346 - 97252 | 47 - 66498 391 - 43502 50 
«54093 342 -97206 | 46 - 56887 389 . 43113 40 
- 54432 339 «97159 | 47 . 67274 387 «42726 30 
. 54769 337 -97111] 48 57658 384 42342 20 
«65102 333 «97063 | 48 - 68039 381 «41961 10 
9, 65433 381; 9.970156 | 48] 9.58418 379 | 10.41582 | 69 00 
- 55761 328 - 96966 | 49 -58794 | 376 ~ 41206 60 
- 56085 B24 -96917 | 49 . 59168 374 - 40832 40 
- 56407 322 - 96868 | 49 - 59540 372 - 40460 30 
- 56727 320 - 96818 | 50 . 59909 369 . 40091 20 
~ 57043 316 - 96767 | SL . 60276 367 . 89724. 10 
Oosine. | Diff Sine. _| Diff. Diff. Tang. Arc. 
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TasLE XIVY—Common logarithms of circular functions—Continued. 


Arc. Sine. Diff. | Cosine. | Diff.| Tang. Diff. Cotang. 
fe} r ° c 
22 00 | 9.57357 314 | 9.96717 | 50] 9.60641 365 | 10.39359 | 68 00 
10 . 57669 312 - 96665 52 - 61004 363 . 38996 50 
20 - 57978 309 . 96614 | 51 . 81364 360 . 38636 40 
30 . 58284 306 . 96561 53 . 61722 358 . 88278 30 
40 . 58588 304 -96509 | 52 . 62079 357 - 37921 20 
50 - 58889 301 .96456 | 53 - 62433 354 - 37567 10 
23 00 | 9.59188 299 | 9.96403 | 53] 9.62785 352 |] 10.37215 | 67 00 
10 - 59484 296 96349 | 54 - 63135 350 . 36864 50 
20 - 59778 294 - 96294 | 55 . 63484 349 . 36516 40 
30 . 60070 292 -96240 | 54 . 63830 346 . 36170 30 
40 - 60359 289 -96185 | 55 - 64175 345 . 85825 20 
50 - 60646 287 - 96129 | 56 . 64517 342 . 35483 10 
24 00! 9.60931 285 | 9.96073 | 56] 9.64858 8341 | 10.35142 | 66 00 
10 - 61214 283 - 96016 | 57 - 65197 339 - 34803. 50 
20 . 61494 280 - 95960 | 56 - 65535 338 . 34465 40 
30 - 61773 279 - 95902 | 58 - 65870 335, . 84130 30 
40 « 62049 276 95844 | 68 « 66204 334 . 33796 20 
50 - 62323 274 - 95786 | 58 - 66537 333, - 33463 10 
25 00) 9.62595 272 | 9.95728 | 58] 9.66867 330 | 10.33133 | 65 00 
10 - 62865 270 - 95668 | 60 . 67196 329 . 32804. 50 
20 - 63133 268, . 95609 | 59 - 67524 328 - 82476 40 
80 - 63398 265 -. 95549 | 60 - 67850 326 . 82150 30 
40 - 63662 264 - 95488 | 61 - 68174 324 - 31826 20 
50 - 63924 262 - 95427 | 61 - 68497 323 - 31503 10 
26 00) 9.64184 260 | 9,95366 | 60] 9,68818 321 | 10,31182:} 64 00 
10 - 64442 258 - 95304 | 62 - 69138 320 - 30862 60 
20 - 64698 256 + 95242 | 62 - 69457 319 - 80543 40 
30 - 64953 255 - 95179 | 63 - 69774 317 80226 30 
40 «65205 252 -95116 | 63 - 70089 815 29911 20 
50 - 65456 251 - 95052 | 64 « 70404 315 - 29596 10 
27 00] 9.65705 249 | 9.94988 | 64] 9.70717 313 | 10. 29283 | 63 00 
10 + 65952 247 + 94923 | 65 « T1028 311 - 28972 50 
20 - 66197 245 - 94858 | 65 « 71339 3)1 - 28661 40 
30 - 66441 244 - 94793 | 65 - 71648 309 28352 30 
40 - 66682 241 94727 | 66 ~ 71955 307 . 28044 20 
50 - 66922 240 94660 | 67 - 72262 307 «27788 10 
28 00 9, 67161 239 9. 94593 67 9. T2567 305 10. 27433 62 00 
10 . 67398 237 94526 | 67 - T2872 305 . 27128 50 
20 - 87633 235 - 94458 | 68 - 13175 303 . 26825 40 
30 - 67866 233 - 94390 | 68 . T3476 301 - 26524 30 
40 - 68098 232 - 94321 | 69 .T3TTT 301 - 26223 20 
50 - 68328 230 94252 | 69 - T4077 300 . 25923 10 
29 00 9. 68557 229 9, 94182 70 9.74375 298 10. 25625 | 61 00 
10 - 68784 227 -94112 | 70 - T4873 298 | + .26327 50 
20 . 69010 226 94041 | 71 «74969 296 . 25081 40 
30 - 69234 224 - 93970 | 71 - T5264 295 - 24736 30 
40 . 69456 222 + 93898 72 . T5558 294 . 24441 20 
50 - 69677 221 - 93826 | 72 - 75852 294 - 24148 10 
30 00 | 9.69897 220 | 9.93753 | 73 | 9.76144 292 | 10.23856 | 60 00 
10 - 70115 218 93680 | 73 . 76435 291 . 23565 50 
20 - 70332 217 - 93606 | 74 - 76725 290 - 23274 40. 
80 . T0547 215 = 93532 | 74 - T7015 290 - 22985 30 
40 . T0761 214 93457 | 75 . 77303 288 . 22697 20 
50 . 10973 212 . 93382 | 75 . T1591 288 . 22409 10 
Cosine. | Diff. Sine. | Diff.| Cotang. | Diff. Tang. Arg. 
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TaBsLE XIY—Common logarithms of circular functions—Continued. 


Arc. Sine. Diff. | Cosine. | Diff.| Tang. Diff. Cotang. 
°o ¢ ° t 

31 00} 9.71184] 211} 9.93307] 75 | 9.77877 | 286] 10.22123] 59 00 
10] .71393} 209] .932830| 77] .78163| 286 21837 50 

20} .71602] 209 -93154 | 76 | .78448 | 285 21552 40 

30) °.71808| 206) .93077| 77} .78732| 284 21268 30 

40} .72014|, 206) .929099] 78| .79015| 283 - 20985 20 

50} .72218| 204] .92921| 78) .79297| 282 . 20703 10 

32 00| 9.72421] 203) 9.92842] 791] 9.79579 | °282} 10.20421] 58 00 
10| .72622} 201 -92763 | 79] .79860 | 281 - 20140 50 

20] .72823} 201 .92683 | 80] .80140| 280 19860 4 

30] .78022} 199; .92608/ 80; .80419| .279 - 19581 30 

40{ .73219| 197 92622 | 81 80697 | 278 . 19303 20 

60] .73416| 197| .92441] 81 -80875 | 278 19025 10 

83 00} .9,73611 | 195} 9.92359| 82] 9.81252]; 277} 10.18748! 57 00 
10] .78805 | 194] 92277] 82] .81528| 276 18472 50 

20) .73997} 192] .92194] 83] .81803| 2765 18196 40 

80] .74189 192 | .92111] 83] .82078| 275 17922 30 

40] .74379 | 190] .92027] 84] .82352| 274 17648 20 

50 | .74668/ 189] .91942] 86] .82626| w74 17374 10 

34 00] 9.74756 | 188] 9.91857] 85} 9.82899 | 273] 10.17101) 56 00 
10] 74943) 187] .91772) 85] 83171) 272 - 16829 50 

20] .75128| 185) .91686| 86} .83442| 271 16557 40 

30] 753134 185) .91599| 87 .83718 | 271 16287 30 

40] .76496/ 183| .91512| 87! .88984] 271 - 16016 20 

50 | ,75678 182 | .91425 | 87 84253 | 269 . 15746 10 

85 00] 9.75859 | 181] 9.91836 | 89} 9.84523 | 270] 1015477] 55 00 
10] .76039} 180] .91248| 88] .84791| 268 . 15209 50 

20) .76218|. 179} .91158| 90/| .85059| 268 14941 40 

30} .76305 | 177 91069 | 89 85327 | 268 . 14673 30 

40} .76572 | 177 .90978 | 91 -85594 | 267 . 14406 20 

50) .76747 | 175 90887 | 91 -85860 | 266 . 14140 10 

36 00 | °9,76922 | 175 | 9.90796 | 91] 9.86126 | 266/| 10.13874] 54 oC 
10 | 77095 173 | .90704 | 92] .86391| 265 . 13608 56 

20) .77267) 172] .90611 | 93] .86656| 266 . 13344 40 

30 | .77439 | 172) .90518| 98] .86921 | 265 . 13079 80 

40| .77609! 170] .90424| 94] .87185 | 264 - 12815 20 

50} .77778| 169) .90330] 94) .87448| 263 «12552 10 

37 00} 9.77946 | 168] 9.90235] 95] 9.87711 |} 263] 10.12289/ 53 00 
10] .78118 | 167] .90139) 96 87974 | 263 . 12026 50 

20] .78280| 167 .90043 | 96 | ..88236 | 262 . 11764 40 
30 { .78445} 165 { .89047/ 96} .88498 | 262 . 11502 30 
40 | .78609] 164) .89849| 98) .88759| 261 11241 20 

60 T8772 163 - 89752 | 97 89020 261 . 10980 10 

38 00 | 9,'78934 162 | 9.89653 | 99] 9.89281 261 | 10.10719 | 52 vo 
10 T9095 161 89554 | 99 89541 260 . 10459 50 

20 19256 161 - 89455 | 99 . 89801 260 . 10199 40 

30 | .79415| 159 | .89354 | 101 -90060 | 259 09939 30 

40 19573 168 - 89254 | 100 - 90320 ); 260 . 09680 20 

50 « TIT3L 158 . 89152 | 102 . 90578 258 09421 10 

39 00] 9.79887] 156 | 9.89050 | 102 | 9.90837 259 | 10.09163 | 51 00 
10 | = .g0043'} 166 88948 | 102 -91095 | 258 08905 50 

20 80197 164 88844 | 104 91853 258 - 08647 40 

80 | .80351 | 164) .88741 | 103] .91610| 257 08390 30 

40] .80504 | 153] .88636 | 105 -91868 | 258 08132 20 

50 | .80866 | 152 . 88531 | 105 92125 | 257 07875 10 

Cosine. | Diff. Sine. | Diff.| Cotang. | Diff. Tang. Are. 
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TasLe XI1V—Common logarithms of circular functions—Continued. 


Arc. | Sine. Diff. | Cosine. | Diff.| Tang. Diff. | Cotang. | 
fo} , ~ . co] ‘ 
40 00| 9.80807 151 | 9.88425 ; 106 | 9.92381 256 | 10.07618 | 50 00 
10 - 80957 150 - 88319 | 106 ~ 92638 257 - 07362 50 
20 . 81106 149 - 88212 | 107 . 92894 256 - 07106 40 
30 . 81254 148 - 88105 | 107 + 93150 256 - 06850 30 
40 - 81402 148 - 87996 | 109 - 93406 256 - 06594 20 
60 . 81548 146 - 87887 | 109 . 93661 255 - 06339 10 
41 00] 9.81694 146 | 9.87778 | 109 | 9.93916 256 | 10.06084 | 49 00 
10 . 81839 145 . 87668 | 110 - 94171 255 - 05829 50 
20 - 81983 144 - 87557 | 111 - 94426 255 . 05574 40 
30 - 82126 143 . 87446 | 111 . 94681 255 - 05319 30 
40 . 82269 148 - 87333 | 113 - 94935 254 . 05065 20 
5o| .s2410| 141] .87221| 112| .95190| 255 .04810 10 
42 00 | 9.82651 141 | 9.87107 | 114 | 9.95444 254; 10,04556 | 48 00 
10 - 82691 140 . 86993 | 114 - 95698 254 - 04302 50 
“20 . 82830 139 «86878 | 115 - 96952 254 - 04048 40 
30 . 82968 138 . 86763 | 115 . 96205 253 - 08795 30 
40 . 83106 1338 . 86647 | 116 - 96459 254 . 03641 20 
50 - 83242 136 - 86530 | 117 . 96712 253 03288 10 
43 00] 9.83378 136 | 9.86413 | 117] 9,96966 264 | 10.03034 | 47 00 
10 - 83513 135 - 86295 | 118 - 97219 253 - 02781 60 
20 «83648 135 . 86176 | 119 » 97472 253 - 02528 40 
30 - 83781 133 - 86056 | 120 » 97725 253 » 02275 380 
.40 83914 133 - 85936 | 120 «97978 253 02022 20 
50 - 84046 132 - 85815 | 121 . 98231 253 . 01769 10 
44 00) 9.84177 131 | .9.85693 | 122 | 9,98484 253} 10.01516 | 46 00 
10 - 84308 131 . 85571 | 122 . 98736 252 . 01263 50 
20 + 84437 129 - 85448 | 123 «98989 253 -01011 40 
30 - 84566 129 | + .85324 | 124 - 99242 253 . 00758 30 
40 «84694 128 - 85200 | 124 - 99495 263 . 00505 20 
50 - 84822 128 - 85074 | 126 - 99747 252 - 00253 10 
45 00| 9.84948 126 | 9.84948 | 126 | 10.00000 253 | 10.00000 | 45 00 
Cosine. | Diff. Sine. | Diff.| Cotang. | Diff. Tang. Arc. 


114. The slide rule is a contrivance for using logs. mechanically. It consiata, 
fig. 47, of a rule, in the middle of which is a slide. The edges of the groove and the 
edges of the slide are graduated, forming 4 scales called A, B,C,and D. An indi- 
cator, which can be set at any point, guides the eye in selecting opposite numbers. 
The slide rule deals with mantissas only. Characteristics must be obtained by 
inspection. 

To multiply.—Move the slide to the right uutil 1 on scale B is opposite the smaller 
of the 2 numbers on A; the number on A opposite the larger of the 2 numbers on B 
is the product. 


To divide.—Move the slide to the /eft until the divisor on Bis under lon A. The 
number on A opposite the dividend on B is the quotient desired. To multiply and 
divide simultaneously, or to solve a proportion, set the divisor on B opposite 
one of the other numbers on A. The number on A opposfte the 3d number on B is 
the result desired. 


To find the square of a number.—Take the number on A opposite the given 
number on D. 


To find the square root.—Take the number ou D opposite the given number on 


A. In taking square roots use only the left kalf of A, for an odd number of figures 
in front of the decimal point, and the right half only for even number. 
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To find a cube.—Set 1 on B opposite the given number on D. The number on A 
opposite the given number on B is the cube desired. 


To find a cube. root.—Take the root approximately by inspection. Set this 
number on B opposite the given number on A. Note whether 1 on C is opposite the 
approximate rooton D. If so, the approximate root is the correct one; if not, move 
the slide slightly one way or the other until the number on B opposite the given 
number, and the number on D opposite the one on C are the same. This number is 
the desired eube root. 


Occasional users of the slide rule will do well to adhere to the simple operations 
above described. Regular users will study the theory and scope of the rule from one 
of the several treatises on the subject, 
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TABLE XV, 


115. Table of squares, cubes, square roots, and cube roots of numbers 


from 1 to 1,000: 


No.|Square.| Cube. Sq. rt. | Cu. rt. || No.|Square.| Cube. | Sq. rt. 
1 1 1) 1. 1, 51 2601 132651 | 7.1414 
2 4 8} 1.4142] 1.2599 || 52] 2704 140608 | 7.2111 
3 9 QT] 1.7321] 1.4422 |) 53 2809 148877 } 7.2801 
4 16 64| 2.0000| 1.5874]! 54) 2916 157464 | 7.3485 
5 25 125 } 2.2361) 1.7100]; 55 3025 166375 | 7.4162 
6 36 216} 2.4495 | 1.8171]} 56 3136 175616 | 7, 4883 
7 49 843] 2.6458.) 1.9129 || 57 8249 185193 | '7,5498 
8 64 512] 2.8284} 2.0000}) 58 3364 195112) 7, 6158 
9 81 729 | 3.0000] 2,0801}) 59 3481 205379 | 7.6811 

10 100 1000} 3.1623 | 2,1544 || 60 3600 216000 | 7, 7460 
11 121 1331 | 3.3166 | 2,2240]) 61 3721 226981 | 7.8102 
12 144 1728 | 8, 4641 | 2.2894], 62) 3844 238328 | 7, 8740 
13 169 2197 | 8.6056 | 2.3513 || 63) 3969 250047 | 7.9878 
14 196 2744 | 3.7417] 2.41011) 64] 4096 262144 | 8. 

15 225 3375 | 3,8730| 2.4662 || 65] 42265 274625 | 8, 0623 
16 256 4096 | 4. 2.5198 |} 66) 4356 287496 | B. 1240 
17 289 4913 | 4.1231] 2.5713 || 67 4489 300763 | 8.1854 
18 324 6832 | 4.2426] 2.6207 || 68} 4624 314432 | 8.2462 
19 361 6859 | 4.3589 | 2.6684|| 69) 4761 328509 | 8, 3066 
20 400 8000} 4.4721] 2.7144|| 70 4900 343000 | 8, 3666 
21 441 9261 / 4.5826! 2.7589]; 71 5041 357011 | 8.4261 
22 484 10648 | 4.6904} 2.8020]; 72; 5184 973248 | 8, 4853 
23 529 12167 | 4.7958] 2.8439 || 73} 5329 389017 | 8.5440 
24 576 13824 | 4,8990| 2.8845 || 74} 5476 405224 | 8, 6023 
25 625 15625 | 5. 2, 9240 || 75 5625 421875 | 8, 6603 
26 676 17576 | 5.0990| 2.9625 {| 76) 5776 438976 | 8.7178 
27 729 19683 | 5.1962; 3.0000 77 5929 456533 | 8, 7750 
28 184 21952 | 5.2915 | 3.0366 || 78 6084 474552 | 8, 8318 
29 841 24389 | 5.3852] 3.0723 || 79 6241 493039 | 8, 8882 
30 900 27000 | 5.4772] 3.1072|| 80| 6400 512000 | 8, 9443 
31 961 29791 | 5.5678 | 3.1414 81 6561 631441 | 9, 

32 1024 32768 | 5.6569 | 3.1748 |} 82 6724 551368 | 9.0554 
33} 1089 35987 | 5.7446 | 3.2075 || 83) 6889 571787 | 9.1104 
34 1156 39304 | 5.8310] 3, 2396 84 7056 592704 | 9.1652 
35 1225 42875 | 5.9161| 3.2711 |) 85 7225 614125 | 9.2195 
36 1296 46656 | 6. 3.3019 |} 86) 7396 636056 | 9. 2736 
37 1369 50653 | 6.0828) 3.3322]; 87 1569 668503 | 9, 3274 
38 1444 54872 | 6.1644! 3.3620|| 88 7744 681472} 9.3808 
39 1521 59319 | 6.2450| 3.3912]; 89 7921 704969 | 9, 4340 
40 1600 64000 | 6.3246] 3, 4200 90 8100 729000 | 9, 4868 
41 1681 68921 | 6.4031] 3.4482)| 91 8281 753571 | 9.5394 
42 1764 74088 | 6.4807 | 3.4760|| 92] 8464 778688 | 9.5917 
43, 1849 79507 | 6.5574] 3.5034 || 93 8649 804357 | 9. 6437 
44 1936 85184 | 6.6332] 3.5303 || 94 8836 830584} 9, 6954 
45 2025 91125 | 6.7082] 3.5569 || 95 9025 857375 | 9, 7468 
46) 2116 97336 | 6.7823 | 3.5830 |} 96| 9216 384736 | 9.7980 
47 2209 103823 | 6.8557} 3.6088 || 97 9409 912673 | 9.8489 
48 2304 110592 | 6, 9282) 3. 6342 98 9604 941192} 9.8995 
49 2401 117649 | 7. 3. 6593 || 99 9801 970299 | 9.9499 
60} 2500 126000 | 7.0711} 3.68401] 100; 10000 1000000 }10, 


Cu, rt. 


a 
3. 7084 
3. 7325 
3, 7563 
3. 7798 
3, 8030 


3. 8259 
3. 8485 
3. 8709 
3, 8980 
3.9149 


3. 9365 
3.9579 
3.9791 


4. 
4, 0207 


4.0412 
4, 0615 
4.0817 
4, 1016 
4.1218 


4.1408 
4. 1602 
4.1798 
4.1983 
4, 2172 


4, 2358 
4, 2645 
4, 2727 
4, 2908 
4, 3089 


4, 3267 
4. 3445 
4, 3621 
4, 3795 
4, 3968 


4.4140 
4, 4310 
4, 4480 
4. 4647 
4, 4814 


4,4979 
4, 5144 
4, 5807 
4, 5468 
4, 5629 


4, 5789 
4, 5947 
4, 6104 
4, 6261 


4. 6416 
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TaBLeE X V¥—Continued. 
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No. |Square.| Cube. Sq. rt. 
101} 10201 1030301 |10. 0499 
102] 10404 1061208 |10, 0995 
103} 10609 1092727 |10, 1489 
104} 10816 1124864 /10. 1980 
105} 11025 1157625 (10, 2470 
106} 11236 1191016 /10. 2956 
107} 11449 1225043 |10. 3441 
108| 11664 1269712 |10, 3923 
109] 11881 1295029 |10, 4408 
110} 12100 1331000 |10, 4883 
111] 12321 1367631 |10. 5357 
112] 12544] 1404928 |10. 5830 
113} 12769 1442897 |10. 6301 
114] 12996 1481544 |10, 6771 
115] 13225 1520875 |10, 7238 
116] 13456 1560896 /10. 7703 
117} 13689 1601613 |10. 8167 
118] 13924 1643032 |10. 8628 
119] 14161 1685159 |10, 9087 
120) 14400 1728000 |10, 9545 
121) 14641 1771561 |11. 0000 
122} 14884 1815848 |11, 0454 
123] 15129 1860867 |11. 0905 
124} 15376 1906624 |11, 1355 
125] 15625 1953125 (11. 1803 
126| 15876 2000376 |11. 2250 
127; 16129 2048383 |11. 2694 
128} 16384} 2097162 |11.3137 
129} 16641 2146689 |11. 3578 
180; 16900) 2197000 |11. 4018 
131] 17161 2248091 (11, 4455 
132{ 17424] 2299968 |11. 4891 
133] 17689 2352637 |11, 5326 
134] 17956 2406104 |11. 5758 
135) 18225 2460375 {11.6190 
136] 18496 2515456 |11, 6619 
137{ 18769 2571353 [11.7047 
138] 19044 2628072 |11. 7473 
139} 19321 2685619 {11.7898 
140} 19600} 2744000 /11. 8322 
141) 19881 2803221 |11. 8743 
142| 20164; 2863288 /11.9164 
143] 20449 2924207 |11. 9583 
144] 20736] 2985984 |12. 

145} 21025 3048625 |12. 0416 
146] 21816) 3112136 |12.0830 
147] 21609 3176523 |12. 1244 
148| 21904] 3241792 /12. 1655 
149] 22201 3307949 |12. 2066 
150! 22600] 3375000 |12, 2474 


Cu. rt. 


. 6570 
. 6723 
- 6875 
- 1027 
~T1TT 


PPP PP 


. T3826 
- TATE 
. 1622 
. T169 
1914 


pe 


. 8059 
. 8203 
. 8346 
. 8488 
. 8629 


. 8770 
. 8910 
4. 9049 
4, 9187 
4. 9324 


4, 9461 
4. 9597 
4, 9732 
4, 9866 
5. 


5, 0133 
5. 0265 
5.0397 
5. 0528 
5. 0658 


Ae PREP R PEE 


5, 0788 
5 0916 
5.1045 
5.1172 
6, 1299 


5, 1426 
5, 1551 
5.1676 
5.1801 
5.1925 


5, 2048 
5. 2171 
6, 2293 
5, 2415 
5, 2536 


5. 2656 
5, 2776 
5. 2896 
5.3016 
6, 3133 


No. |Square.| Cube. 8g. rt. | Cu. rt. 
151| 22801 344296] |12. 2882 | 5.3251 
152] 23104) 8511808 /12. 3288; 5.3368 
163} 23409 3581577 |12, 3693 | 5.3485 
154] 23716 3652264 |12. 4097 | 5.3601 
155 | 24025 3723875 |12. 4499 | 5.3717 
156] 24336 3796416 |12. 4900 | 5.3832 
157| 24649 3869893 |12, 5300 | 5, 3947 
158] 24964) 8044312 112.5698] 5.4061 
(159| 25281 4019679 |12. 6095 | 5, 4175 
'160| 25600 4096000 |12. 6491) 5,4288 
161) 25921 4173281 12, 6886 | 5, 4401 
162| 26244) 4251528 |12, 7279} 5.4514 
163} 26569 4330747 |12. 7671] 5. 4626 
164| 26896) 4410944 /12. 8062] 5.4737 
165) 27225 4492125 |12. 8452 | 5, 4848 
166| 27556] 4574296 |12. 8841 | 5, 4959 
167] 27889) 4657463 /12. 9228! 5.5069 
168] 28224! 4741632 |12,9615| 5.5178 
169| 28561 4826809 |18. 5, 5288 
170} 28900} 491300018. 0384 | 5.6397 
171) 29241 5000211 |13. 0767 | 5.5505 
172] 29584) 5088448 |13.1149| 5.6613 
173} 29929 5177717 |13, 1529 | 5.5721 
174| 30276 6268024 |13. 1909 | 5.5828 
175| 30625 5359375 |13, 2288 | 5.5934 
176| 30976) 5451776 |13. 2665 | 5. 6041 
177} 31320] 5545233 |13. 3041 | 5. 6147 
178) $1684) 5639752 |13. 3417 | 5. 6252 
179} 32041 5735839 |13. 3791 | 5. 6357 
180; 32400 5832000 /13, 4164) 5. 6462 
181] 32761; 5929741 /13. 4536 | 5.6567 
182} 33124 6028568 |13. 4907 | 5. 6671 
183} 38489 6128487 |13, 6277 | 5.6774 
184} 33856 6229504 |13, 5647 | 5.6877 
185} 34225 6331625 113, 6015 | 5. 6980 
186} 34696 6434856 |13. 6382 | 5.7083 
187] 34969 6639208 |13. 6748 | 5.7185 
188} 35344 6644672 |13. 7113 | 5.7287 
189| 35721 6751269 |13, 7477 | 5.7388 
190} 36100) 6859000 /13.7840| 5.7489 
191} 36481 6987871 /13. 8203 | 5, 7590 
192| 36864| 7077888 }13. 8564 | 5.7690 
193| 37249 7189057 |18, 8924 | 5.7790 
194] 37636] 730138413, 9284} 5.7890 
195 | 38025 7414875 |13, 9642 | 5.'7989 
196} 38416} 7529536 |14. 5, 8088 
197] 38809 7645373 |14, 0857 | 5.8186 
198] 39204| 7762392 |14.0712} 5, 8285 
199| 39601 7880599 |14. 1067 | 5. 8883 
200{| 40000] 8000000114, 1421! 5.8480 
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TasLE XV—Continued. 


No.|Square.{ Cube. Sq. rt. | Cu. rt. || No. |Square.| Cube. 8q. rt. | Cu. rt. 
201} 40401 8120601 |/14.1774| 5.8578 || 251) 63001; 15813251 /15. 8430] 6.3080 
202| 40804 8242408 |14, 2127 | 5.8675 || 252! 63504] 16003008 /15. $745/ 6.3164 
203) 41209 8365427 |14.2478 | 5.8771 || 253} 64009) 16194277 '15.9060| 6.3247 
204; 41616 8489664 |14. 2829 | 5.8868 || 254; 64516) 16387064 15.9374] 6.3330 
205| 42025 8615125 14.3178 | 5.8964 || 2551 65025] 16581375 15.9687} 6.3413 
206] 42436 8741816 |14, 3527 | 5.9059 || 256) 65536) 16777216 /16, 6. 3496 
207| 42849 8869743 |14, 3875 | 56.9155 || 257) 66049; 16974593 |16.0312| 6.3579 
208| 48264 8998912 |14. 4222] 5.9250 || 258; 66564) 17173512 |16.0624| 6. 8661 
209| 43681 9129329 |14. 4568 | 5.9345 || 259; 67081] 17373979 |16.0935| 6.3743 
210| 44100 9261000 |14, 4914} 5, 9439 || 260) 67600] 17676000 /16, 1245} 6.3825 
211] 44521 9393931 (14.5258 | 5.9533 || 261) 68121] 17779581116. 1555 | 6.3907 
212| 44944 9528128 \14. 5602} 5.9627 || 262| 68644| 17984728 |16,1864| 6. 3988 
213| 45369 9663597 |14.5946) 6.9721 || 263} 69169{ 18191447 |16.2173| 6.4070 
214| 45796 9800344 |14, 6287) 5.9814 || 264} 69696] 18399744 |16. 2481 |! 6, 4151 
215) 46225 9938375 |14. 6629 | 5.9907 || 265} '70225| 18609625 |16, 2788] 6. 4232 
216| 46656} 10077696 '14, 6969 | 6. 266| 70756) 18821096 |16,3095 | 6. 4312 
217) 47089| 10218313 {14.7309} 6.0092 || 287| 71289) 19034163 |16. 3401| 6. 4393 
218| 47524! 10860232 |14. 7648] 6.0185 || 268) 71824| 19248832 /16.3707}| 6.4473 
219| 47961) 10503469 |14.'7986 | 6.0277 || 269] 72361| 19465109 |16. 4012} 6. 4553 
220] 48400) 10648000 '14. 8324] 6.0368 || 270] '72900{ 19683000 |16. 4317| 6.4633 
221| 48841] 10793861 |14. 8661) 6.0459 || 271] 73441} 19902511 |16. 4621] 6.4713 
222) 49284} 10941048 |14. 8997 | 6.0550 || 272| 73984) 20123648 |16, 4924] 6, 4792 
223) 49729) 11089567 |14. 9332] 6.0641 || 273} 74629] 20346417 |16.5227) 6, 4872 
224| 50176) 11239424 |14, 9666 | 6.0732 || 274) '75076| 20570824 |16, 5529) 6.4951 
225| 50625) 113906265 |15. 6.0822 || 275{ 75625] 20796875 |16, 5831} 6.5030 
226| 51076) 11543176 |15. 0333 | 6.0912 || 276) 76176) 21024576 /16, 6182] 6.5108 
227| 51529} 11697088 |15. 0665 | 6.1002 || 277] 76729] 21253933 |16. 6433) 6.5187 
228| 61984) 11852352 |15.0997 | 6.1091 || 278] 77284] 21484962 |16. 6733] 6.5265 
229| 52441} 12008989 15.1327 | 6.1180|} 279] 77841] 21717639 |16. 7033] 6.5348 
230| 52900] 12167000 |15.1658| 6.1269 |} 280; 78400] 21952000 /16. 7332) 6.5421 
231] 63361] 12326391 }15.1987| 6.1358 |] 281] 78961] 22188041 /16.7631| 6.5499 
232| 53824) 12487168 |15. 2315 | 6.1446 |} 282| 79524) 22425768 |16. 7929) 6.5577 
233| 54289] 12649337 |15. 2643 | 6.1534 |} 283| 80089] 22665187 |16. 8226) 6.5654 
234] 64766] 12812904 15.2971} 6.1622 || 284] 80656] 22906304 }16. 8623} 6.5731 
235| 55225) 12977876 |15.3297| 6.1710} 285; 81225] 23149125 |16, 8819] 6.6808 
236| 55696| 13144256 |15. 8623 | 6.1797 || 286| 81796| 23393656 |16.9115| 6.5885 
237} 56169] 13312053 |15, 3948 | 6.1885 |} 287] 82369} 23639903 |16, 9411| 6.6962 
238| 66644] 13481272 15,4272) 6.1972|| 288) 82044} 23887872 |16.9706| 6.6039 
239) 57121] 13661919|16.4596| 6.2058 || 289) 83521} 24137569 /17. 6.6116 
240) 657600] 18824000 |15.4919]| 6.2145 |} 290) 84100] 24389000 |17. 0294} 6.6191 
241| 568081] 13997521|15.5242| 6.2231 || 291| 84681} 24642171 |17,0587| 6.6267 
242) 68564] 14172488 |15.5563| 6.2317 || 292] 85264] 24897088 |17. 0880} 6. 6343 
243} §9049| 14348907 |15. 5885 | 6.2403 || 293{ 85849] 25153757 |17.1172| 6.6419 
244} §9536| 1452678415, 6205| 6.2488 || 294} 86436} 25412184 |17. 1464) 6.6494 
245| 60025| 1470612515. 6526 | 6.2573 || 295} 87025| 25672375 |17.1756| 6. 6569 
246) 60516| 14886986 |15. 6844] 6.2658 || 296] 87616] 25934336 |17. 2047| 6.6644 
247| 61009] 15069223 |15.7162| 6.2743 || 297] 88209| 26198073 |17. 2337) 6. 6719 
248) 61504| 15252992115. 7480| 6.2828 || 298| 88804] 26463592 /17. 2627| 6.6794 
249{ 62001] 15438249 115.7797 | 6.2912|| 299] 89401| 26730899 /17. 2916 | 6, 6869 
260| 62500! 15625000 !15.81141 6.2996 || 300] 90000] 27000000 /17, 3205 | 6.6943 


RECONNAISSANCE. 


TaBLeE XV—Continued. 


No. | Square. 


301 
302 
303 
304 
305 


306 
307 
308 
309 
310 


311 
312 
313 
314 
315 


316 
317 
318 
319 
320 


321 
322 
323 
324 
325 


326 
327 
328 
329 
330 


331 
332 
333 
334 
335 


336 
387 
338 
339 
340 


341 
342 
343 
344 
345 


346 
M7 
348 
349 
350 


90601 
91204 
91809 
92416 
93025 


93636 
94249 
94864 
95481 
96100 


96721 
97344 
97969 
98596 
99225 


99856 
100489 
101124 
101761 
102400 


108041 
103684 
104329 
104976 
105625 


106276 
106929 
107584 
108241 
108900 


109561 
110224 
110889 
111586 
112225 


112806 
113569 
114244 


114921 |. 


115600 


116281 
116964 
117649 
118336 
119025 


119716 
120409 
121104 
121801 
122500 


Cube. 


27270901 
27543608 
27818127 
28094464 
28372625 


28652616 


* 28934443 


29218112 
29503629 
29791000 


30080231 
30371328 
30664297 
30959144 
31255875 


31554496 
31855013 
32157432 
32461759 
32768000 


33076161 
33386248 
33698267 
34012224 
34328125 


34645976 
34965783 
35287552 
35611289 
85937000 


36264691 
36594368 
36926037 
37259704 
37596375 


37933056 
38272753 
38614472 
38958219 
39304000 


39651821 
40001688 
40353607 
40707584 
41063625 


41421736 
41781923 
42144192 
42508549 
42875000 


Sq. rt. 


ou. rt.| 


No. 


Square. 


109 


Cube. 


§q. rt. 


Cu. rt. 


7. 
17, 
‘17, 
17. 
17. 


17. 
17. 


‘17, 
17. 
17. 


17. 
17, 
17. 
‘17, 
17. 


17. 
17, 
17. 
17, 
17. 


17, 
17. 


18. 


18. 
18, 
18. 
18. 
18. 


18. 
18. 
18. 
18, 
18. 


18. 
18. 
18, 
18. 
18. 


18. 
18. 
18. 
18. 
18. 


18, 
18. 
18, 
18. 


18. 


3494 
3781 
4069 
4356 
4642 


4929 
6214 
5499 
5784 
6068 


6352 
6635 
6918 
7200 
7482 


7764 
8045 
8326 
8606 
8885 


9165 
9444 


0278 


0555 
0831 
1108 
1384 
1659 


1934 
2209 
2483 
2757 
3030 


3303 
3576 
3848 
4120 
4391 


. 
4662 | 


4932 
5203 
5472 
5742 


6011 
6279 
6548 
6815 
7083 


6.7018 
6. 7092 
6. 7166 
6. 7240 
6.7313 


6. 7387 
6.7460 
6.7533 
6. 7606 
6. 7679. 


6. 7762 
6. 7824 
6.7897 
6.7969 
6.8041 


6.8113 
6. 8185 
6. 8256 
6, 8328 
6. 8399 


6. 8470 
6. 8541 
6. 8612 
6, 8683 
6, 8753 


6. 8824 
6. 8894 
6. 8964 
6, 9034 
6.9104 


6.9174 
6, 9244 
6. 9313 
6, 9382 
6.9451 


6.9521 
6. 9589 
6. 9658 
6.9727 


123201 
123904 
124609 
125316 
126025 


126736 
127449 
128164 
128881 
129600 


1303821 
131044 
131769 
132496 
133225 


133956 
134689 
135424 
136161 
136900 


137641 
138384 
139129 
139876 
140625 


141376 
142129 
142884 
143641 
144400 


145161 
145924 
146689 
147456 
148225 


148996 
149769 
150544 
151321 
152100 


152881 
153664 
154449 
155236 
156025 


156816 
157609 
158404 
159201 
160000 


43243551 
43614208 
43986977 
44361864 
44738875 


45118016 
45499293 
45882712 
46268279 
46656000 


47045881 
47437928 
47832147 
48228544 
48627125 


49027896 
49430863 
49836032 
50243409 
50653000 


51064811 
51478848 
51895117 
52313624 
52734375 


53157376 
53582633 
54010152 
54439939 
54872000 


55306341 
55742968 
56181887 
56623104 
57066625 


57512456 
57960603 
58411072 
58863869 
59319000 


59776471 
60236288 
60698457 
61162984 


61629875 


62099136 
62570773 
63044792 
63521199 
64000000 


18, 7350 
18.7617 
18, 7883, 
18, 8149 
18, 8414 


18. 8680 
18, 8944 
18, 9209 
18, 9473 
118, 9737 


19, 

19. 0263 
19, 0526 
19. 0788 
19. 1060 


19, 1311 
19, 1572 
19, 1833 
19, 2094 
‘19, 2354 


19, 2614 
19, 2873 
19, 3132 
19. 3391 
19, 3649 


19, 3907 
19, 4165 
19, 4422 
19. 4679 
19. 4936 


19, 5192 
19, 5448 
19. 5704 
19. 5969 
19, 6214 


19. 6469 
19, 6723 
119, 6977 
19. 7231 
19, 7484 


19, 7737 
19, 7990 
19, 8242 
19, 8494 
19, 8746 


19. 8997 
19, 9249 
19, 9499 


19. 9750 
20. 


7. 0540 
7. 0607 
7, 0874 
7, 0740 
7. 0807 


7.0873 
7. 0940 
7. 1006 
7.1072 
7.1138 


7.1204 
7. 1269 
7.1335 
7. 1400 
7.1466 


7.1531 
7. 1596 
7. 1661 
7.1726 
7.1791 


7. 1855 
7. 1920 
7.1984 
7. 2048 
7.2112 


T2177 
7, 2240 
7. 2304 
7. 2368 
7. 2432 


7. 2495 
7.2558 
7.2622 
7. 2685 
7. 2748 


7.2811 
7, 2874 
7, 2936 
7.2999 
7.3061 


7.3124 
7.3186 
7. 3248 
7.3310 
7. 3372 


7. 3434 
7.3496 
7. 3558 
7.3619 
7, 3682 
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No.jSquare.| Cube. Sq. rt. | Cu. rt. |} No.}Square.| Cube. Sq. rt. | Cu. rt. 
401| 160801] 64481201 |20. 0250| 7.3742 || 451| 203401] 91733851 |21. 2368 | 7. 6688 
402 | 161604 | 64964808 |20. 0499 | 7.3803 || 452| 204304] 92345408 |21. 2603 | 7. 6744 
403 | 162409} 65450827 |20. 0749 | 7.3864 |} 453) 205209] 92959677 |21. 2838] 7, 6801 
404} 163216| 65939264 |20. 0998 | 7.3925 || 454| 206116] 93576664 |21.3073| 7.6857 
405 | 164025 | 66430125 |20. 1246 | 7.3986 || 455| 207025] 94196375 |21. 3307} 7. 6914 
406] 164886) 66923416 |20. 1494] 7.4047 || 456] 207936) 94818816 |21. 3542] 7. 6976 
407 | 165649) 67419143 |20. 1742 | 7.4108 || 457| 208849] 95443993 /21.3776| 7.7026 
408 | 166464] 67917312 |20. 1990} 7.4169 || 458| 209764; 96071912 /21. 4009] 7.7082 
409 | 167281) 68417929 |20. 2237 | 7.4229 || 459] 210681| 96702579 /21. 4243 | 7.7138 
410] 168100] 68921000 |20, 2486 | 7,4290 || 460| 211600} - 97336000 |21. 4476 | 7.'7194 
411| 168921] 69426631 120. 2731] 7.4350 || 461) 212521] 97972181 [21.4709 | 7.7250 
412] 169744] 69934528 /20, 2978| 7.4410] 462 | 213444) 98611128 |21. 4942] 7.7306 
413] 170569 | 70444997 |20. 3224] 7.4470 j| 463) 214369] 99252847 |21.5174| 7.7362 
414] 171396 | 70957944 |20, 3470] 7.4530 {} 464| 215296] 99897344 |21.5407 | 7.7418 
415} 172225 | 71473375 |20. 3715 | 7.4590 || 465 | 216225 | 100544625 |21.5639 | 7.7473 
416] 173056 | 71991296 |20, 3961 | 7. 4650]| 466 | 217156 | 101194696 21. 5870| 7.7529 
417 | 173889 | 72511713 |20. 4206 | '7.4710]| 467] 218089 | 101847563 |21. 6102 | '7. 7584 
418 | 174724| '73034632 |20, 4450] 7.4770 || 468 | 219024) 102503232 |21. 6333 | 7.7639 
419] 176661] 73560059 |20. 4696 | 7. 4829 || 469 | 219961) 103161709 |21. 6564 | 7.7695 
420| 176400| 74088000 |20, 4939 | 7.4889 |] 470 | 220900 | 103823000 |21. 6795 | 7.7750 
421| 177241| 74618461 |20. 5183] 7.4948 || 471 | 221841] 104487111 |21. 7025 | 7.7806 
422 | 178084] 75161448 |20, 5426 | 7.5007 || 472 | 222784 | 105164048 |21. 7256 | 7.7860 
423 | 178929] 75686967 |20. 6670] 7.5067 || 473 | 223729] 105823817 /21.'7486| 7.7915 
424} 179776 | 76225024 |20. 5913 | 7.5126 || 474 | 224676) 106496424 |21.7715 | 7.7970 
425 | 180625 | 767656265 |20. 6155 | 7.5185 || 475 | 225625 | 107171875 |21. 7945 | 7. 8025 
426 | 181476 | 77308776 |20. 6398 | 7.5244 || 476 | 226576| 107850176 |21. 8174 | 7. 8079 
427 | 182329 | 77854483 (20. 6640 | 7.5302 || 477 | 227629] 108531333 |21. 8403 | 7. 8134 
428 | 183184 | 78402752 |20. 6882 | 7.5361 || 478 | 228484) 109215352 |21. 8632| 7. 8188 
429} 184041 | 78963589 |20. 7123 | 7.6420]! 479 | 229441) 109902239 |21. 8861 | 7. 8243 
430 | 184900] 79507000 |20. 7364 | 7. 5478 || 480 | 230400) 110592000 |2I. 9089 | 7. 8297 
431| 185761| 80062991 |20. '7605 | 7.5637 || 481| 231361} 111284641 |21. 9317 | 7. 8352 
432 | 186624} 80621568 |20. 7846 | 7.5595 || 482) 2382324; 111980168 |21. 9545 | 7. 8406 
433 | 187489] 81182737 |20. 8087) 7.5654 || 483 | 233289 | 112678587 |21.9773| 7. 8460 
434 | 188356 | 81746504 |20. 8327 | 7.5712 || 484 | 234256 | 113379904 22. 7. 8614 
435 | 189226] 823128765 |20. 8667 | 7.5770 || 485) 235225 | 114084126 |22.0227 | 7. 8568 
436 | 190096 | 82881856 |20. 8806 | 7. 5828 || 486| 236196) 114791256 |22. 0454 | 7, 8622 
437 | 190969| 83453453 |20. 9045 | 7.5886 || 487 | 237169) 115601303 |22. 0681 | 7. 8676 
438 | 191844} 84027672 |20, 9284] 7.5944 || 488} 238144) 116214272 |22, 0907 | 7. 8730 
439 | 192721} 84604519 /20. 9523} 7.6001 |) 489 | 239121] 116930169 |22. 1133 | 7. 8784 
440] 193600 | 85184000 /20. 9762 | 7.6059 || 490/ 240100) 117649000 )22. 1359 | 7. 8837 
ie: ® 
441] 194481} 85766121 21. 7.6117 || 491 | 241081] 118370771 |22. 1585 | 7. 8891 
442| 195364} 86350888 21. 0238] 7.6174 || 492 | 242064 | 119095488 |22,1811| 7. 8944 
443] 196249} 86938307 |21. 0476 | 7.6232 || 493 | 243049 | 119823157 |22. 2036 | 7. 8998 
444| 197136 | 87528384 |21.0713 | 7.6289 || 494 | 244036 | 120553784 |22. 2261 | 7. 9051 
445 | 198025 | 88121125 |21. 0950] 7.6346 |] 496 | 245025 | 121287875 |22. 2486 | 7.9105 
446| 198916] 88716536 |21. 1187 | 7.6403 |} 496 | 246016 | 122023936 |22. 2711 | 7.9158 
447 | 199809 | 89314623 |21. 1424 | 7.6460 || 497 | 247009 | 122763473 |22. 2935 | 7.9211 
448 | 200704 | 89915392 121. 1660; 7.65171] 498 | 248004] 128505992 |22. 3159 | 7.9264 
449 | 201601 / 90518849 |21. 1896] 7.6574 || 499 | 249001) 124251499 /22. 3383 | 7.9317 
450 | 202500! 91125000 |21. 2132 | 7.6631 || 500| 250000 | 125000000 122. 3607 | 7. 9370 


RECONNAISSANCE. 


TaBLe X V—Continued. 


. | Square. 


251001 
252004 
253009 
254016 
255025 


256036 
257049 
258064 
259081 
260100 


261121 
262144 
263169 
264196 
265225 


266256 
267289 
268324 
269361 
270400 


271441 
2724.84 
273529 
274576 
275625 


276676 
277729 
278784 
279841 
280900 


281961 
283024 
284089 
285156 
286225 


287296 
288369 
289444 
290521 
291600 


292681 
293764 
‘294849 
295936 
297025 


298116 
299209 
| 300304 
301401 
302500 


Cube. 


125761501 
126506008 
127263527 
128024064 
128787625 


129554216 
130323843 
131096512 
131872229 
132651000 


183432831 
134217728 
135005697 
135796744 
136590875 


137388096 
138188413 
138991832 
139798359 
140608000 


141420761 
142236648 
143055667 
143877824 
144703125 


145531576 
146363183 
147197952 
148035889 
148877000 


149721291 
150568768 
151419437 
152273304 
153180375 


153990656 
154854153 
155720872 
156590819 
157464000 


158340421 
159220088 
160103007 
160989184 
161878625 


162771336 
163667323 
164566592 
165469149 
166375000 
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Sq rt.| Cu. rt. || No. |Square.| Cube. Sq. rt. | Cu. rt 
22, 3830 | 7.9423 || 551] 303601 | 167284151 '23, 4734 | 8. 1982 
22. 4054 | 7.9476 || 552| 304704| 168196608 |23. 4947) 8. 2031 
22.4277 | 7.9528 || 553] 305809| 169112377 |23. 5160] 8.2081 
22,4499 | 7.9581 || 554] 306916) 170031464 |23. 5372| 8.2130 
122.4722 | 7.9634 || 655) 308025) 170953875 |23. 5584 8.2180 
22. 4944 | 7.9686 |) 556] 309136| 171879616 |23. 5797 | 8. 2229 
22.5167 | 7.9739 || 557] 310249 | 172808693 |23. 6008 | 8. 2278 
22. 5389 | 7.9791 || 558) 311364) 173741112 |23. 6220| 8.2327 
22,5610 | 7.9843}; 559| 312481] 174676879 (23, 6482| 8. 2377 
122. 5832 | 7.9896 || 560) 313600] 175616000 23. 6643 | 8. 2426 
22, 6053 | 7.9948 |) 561} 314721) 176558481 |23, 6854| 8.2475 
22.6274 | 8, 562 | 315844 | 177504328 |23. 7065 | 8.2524 
22.6495 | 8.0052 |; 663] 316969| 178458547 |23. 7276 | 8, 2573 
22,6716 | 8.0104 || 664] 318096] 179406144 |23. 7487 | 8.2621 
22. 6936 | 8.0156 || 565| 319225] 180362125 |23. 7697 | 8. 2670 
22.7156 | 8.0208 |; 566| 320356] 181321496 |23.'7908} 8.2719 
22. 7376 | 8.0260 |) 567) 321489] 182284263 |23. 8118 | 8.2768 
22, 7596 | 8.0311 || 568] 322624] 183250432 |23, 8328 | 8.2816 
122, 7816 | 8.0363 || 569 | 323761) 184220009 |23. 8537 | 8.2865 
22, 8035 | 8.0415 || 570} 324900) 185193000 |23. 8747 | 8.2913 
22, 8254 | 8.0466 || 571} 326041) 186169411 /23, 8956 | 8.2962 
22. 8473 | 8.0517 || 572) 327184 | 187149248 |23. 9165 | 8.3010 
22, 8692 | 8.0569 || 573| 328329 | 188132517 |23. 9374} 8.3059 
22.8910] 8.0620 |} 574] 329476 | 189119224 |23. 9583} 8.3107 
22.9129] 8.0671 || 575 | 330625 | 190109375 |23. 9792] 8.3155 
22, 9347 | 8.0723 || 576] 331776 | 191102976 |24. 8, 3203 
22. 9565 | 8.0774 || 577) 332929] 192100033 |24. 0208 | 8.3251 
22.9783} 8.0825 || 578 | 334084] 193100552 |24.0416] 8.3300 
23. 8.0876 || 579} 335241] 194104539 24. 0624! 8. 3348 
23.0217 | 8.0927 |} 680 | 336400) 195112000 |24. 0832} 8.3396 
23. 0434.| 8.0978 |} 581! 337561] 196122941 |24. 1039] 8.3443 
23. 0651 | 8.1028 || 582| 338724 | 197137368 |24.1247| 8.3491 
23. 0868 | 8.1079 || 583) 339889 | 198155287 |24. 1454) 8.3539 
23. 1084} 8.1130 || 584| 341056] 199176704 /24. 1661} 8.3587 
23. 1301 | 8.1180 || 585) 342225 | 200201625 |24, 1868} 8.3634 
23. 1517 | 8.1231 || 586| 343396 | 201230056 |24, 2074} 8.3682 
23.1733 | 8.1281 || 587 | 344569 | 202262003 /24. 2281] 8.3730 
23,1948) 8.1332 || 588] 345744] 203297472 |24. 2487} 8.3777 
23. 2164) 8.1382 || 589 | 346921] 204336469 |24. 2693 | 8.3825 
23, 2379 | 8.1433 || 590| 348100] 205379000 |24, 2899) 8.3872 
23, 2594 | 8.1483 || 591] 349281 | 206425071 /24.3105| 8.3919 
23. 2809 | 8. 1533 |} 592] 350464 | 207474688 |24, 3311 | 8. 3967 
23. 3024| 8.1583 |) 593} 351649} 208527857 |24. 3516] 8.4014 
23. 3238 | 8.1633 || 594} 352836 | 209584584 |24. 3721) 8.4061 
23, 3452 | 8.1683 || 595 | 354025 | 210644875 |24. 3926 | 8.4108 
23, 3666 | 8.1733 || 596 | 355216] 211708736 [24.4131] 8.4155 
23, 8880 | 8. 1783 || 597 | 356409] 212776178 (24. 4336 | 8. 4202 
23. 4094 | 8.1833 || 598) 357604] 213847192 |24. 4540} 8.4249 
123, 4307 | 8. 1882 || 599 | 358801 | 214921799 |24. 4745 | 8. 4296 
23. 4521 | 8. 1932 }! 600 | 360000! 216000000 24. 4949} 8, 4343 
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TABLE XV—Continued. 


No. 


Square 


Cube. 


8q. rt. 


601 
602 
603 
604 
605 


606 
607 
608 
609 
610 


611 
612 
613 
614 
615 


616 
817 
618 
619 
620 


621 
622 
623 
624 
625 


626 
627 
$28 
629 
630 


631 
632 
633 
634 
635 


636 
637 
638 
639 
640 


641 
642 
643 
644 
645 


846 
647 
648 
649 
650 


361201 
362404 
363609 
364816 
366025 


367236 
368449 
369664 
370881 
372100 


373321 
374544 
375769 
376996 
378225 


379456 
380689 
381924 
383161 
384400 


385641 
386884 
388129 
389376 
390625 


391876 
393129 
394384 
395641 
396900 


398161 
399424 
400689 
401956 
408225 


404496 
405769 
407044 
408321 
409600 


410881 
412164 
413449 
414736 
416026 


417316 
418609 
419904 
421201 
422500 


217081801 
218167208 
219256227 
220348864 
221445125 


222545016 
223648543 
224755712 
225866529 
226981000 


228099131 
229220928 
230346397 
231475544 
232608375 


233744896 
234885113 
236029032 
237176659 
238328000 


239483061 
240641848 
241804367 
242970624 
244140625 


245314376 
246491883 
247673152 
248858189 
250047000 


251239591 
252435968 
253636137 
254840104 
256047875 


257259456 
258474853 
259694072 
260917119 
262144000 


. 263374721 


264609288 
265847707 
267089984 
268336125 


26958613 
27084002 
272097792 
273359449 
274625000 


24, 
24, 
24, 
24, 
24, 


24, 
24, 
24. 
24, 
24, 


24, 
24, 
24, 
24. 
24, 


24, 
24 

24, 
24, 
24, 


24. 
24, 
24, 
24, 
25. 


25. 
25. 
25. 
25. 
25. 


25. 
25. 
25. 
25. 
25, 


25. 
25, 
25. 
25. 
25. 


25. 


25. 


25, 
25. 
25. 


25, 
25. 
25. 
25. 


25, 


5153 
5357 
5561 
5764 
5967 


6171 
6374 
6577. 
6779 
6982 


7184 
7386 
7588 
7790 
7992 


8193 
8395 
8596 
8797 
8998 


9199 
9399 
9600 
9800 


0200 
0400 
0599 
0799 
0998 


1197 
1396 
1595 
1794 
1992 


2190 
2389 
2587 
2784 
2982 


3180 
3377 
3574 
3772 
3969 


4165 
4362 
4558 
4755 
4961 


Cu, rt. 


8.4390 
4437 
4484 
- 4530 
4577 


4623 


2 BmMmmD mama 
= 
& 
3 
° 


8.5270 


8.6316 
8, 5362 
8.6408 
8. 5453 
8. 5499 


8.5544 
8. 5590 
8.5635 
8.5681 


- 8, 5726 


8.5772 
8.5817 
8. 5862 
8.5907 
8, 5952 


8.5997 
8, 6043 
8. 6088 
8, 6132 
8.6177 


8. 6222 
8, 6267 
8. 6312 
8. 6357 
8.6401 


8, 6446 
8. 6490 
8. 6535 
8. 6579 
8, 6624 


No. 


+ 651 
652 
653 
654 
655 


656 
657 
658 
659 
660 


661 
662 
663 
664 
665 


666 
667 
668 
669 
670 


671 
672 
673 
674 
675 


676 
677 
678 
679 
680 


681 
682 
683 
684 
685 


686 
687 
688 
689 
690 


691 
692 
693 
694 
695 


696 
697 
698 
699 


700 


Square. 


423801 
425104 
426409 
427716 
429025 


430336 
431649 
432964 
434281 
435600 


436921 
438244 
439569 
440896 
442225 


443556 
444889 
446224 
44776) 
448900 


450241 


451584 
452929 
454276 
455625 


456976 
458329 
459684. 
461041 
462400 


463761 
465124 
466489 
487856 
469225 


470596 
471969 
473344 
474721 
476100 


477481 
478864 
480249 
481636 
483025 


484416 
485809 
487204 
488601 
490000 


Cube. 


275894451 


. 277167808 


278445077 
279726264 
281011375 


282300416 
283593393 
284890312 
286191179 
287496000 


288804781 
290117528 
291434247 
292754944 
294079625 


295408296 
296740963 
298077632 
299418309 
300763000 


302111711 
303464448 
304821217 
306] 82024 
307546875 


308915776 
310288733 
311665752 
313046839 
314432000 


316821241 
317214568 
318611987 
320013504 
321419125 


322828856 
324242703 
325660672 
327082769 
328509000 


329939371 
331373888 
332812557 
334255384 
335702375 


337153536 
338608873 
340068392 
341532099 
343000000 


8q. rt. 


25,5147 
25. 5343 
25. 6539 
25. 5734 
25. 5930 


25, 6125 
25, 6320 
25, 6515 
25. 6710 
25. 6905 


25. 7099 
25,7294 
25, 7488 
25, 7682 
25. 7876 


25, 8070 
25, 8263 
25, 8457 
25, 8650 
25, 8844 


25, 9037 


25, 9230 
125, 9422 
25, 9615 
25, 9808 


26, 

26, 0192 
26, 0384 
26. 0576 
26, 0768 


26, 0960 
26.1161 
26, 1343 
26.1534 
26.1725 


26.1916 
26, 2107 
26. 2298 
26. 2488 
26, 2679 


26, 2869 
26,3059 
26,3249 
26. 3439 
26. 3629 


26,3818 
26. 4008 
26,4197 
26, 4386 
26.4575 


Cu. rt. 


8. 6668 
8.6713 
8. 6757 
8, 6801 
8. 6845 


8. 6890 
8, 6934 
8. 6978 
8, 7022 
8.7066 


8, 7110 
8.7154 
8, 7198 
8, 7241 
8, 7285 


8. 7329 
8, 7378 
8. 7416 
8. 7460 
8. 7503 


8, 7547 
8, 7590 
8. 7634 


8. 7677 
8.7721 


8, 7764 
8. 7807 
8, 7850 
8.7893 
8, 7937 


8.7980 
8. 8023 
8. 8066 
8, 8109 
8, 8152 


8, 8194 
8. 8237 
8. 8280 
8, 8323 
8. 8366 


8. 8408 
8. 8451 
8, 8493 
8, 8536 
8.8578 


8, 8621 
8. 8663 
8. 8706 
8, 8748 


8.8790 
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TaBLE XV—-Continued. 
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.| Square. 


491401 
492804 
494209 
495616 
» 497025 


498436 
499849 
501264 
602681 
504100 


505521 
606944 
508369 
500796 
511225 


512656 
514089 
616524 
516961 
518400 


519841 
621284 
522729 
524176 
525625 


527076 
528529 
529984 
531441 
532900 


534361 
535824 
537289 
538756 
540225 


541696 
543169 
544644 
546121 
547600 


649081 
550564 
552049 
553536 
555025 


556516 
558009 
559504 
561001 
562500 


Cube. 


344472101 
345948408 
347428927 
348913664 
350402625 


351895816 
353393243 
354894912 
356400829 
357911000 


359425431 
360944128 
362467097 
363994344 
365525875 


867061696 
368601813 
370146232 
371694959 
373248000 


374805361 
376367048 
377933067 
379503424 
381078125 


382657176 
384240583 
385828352 
337420489 
389017000 


390617891 
392223168 
393832437 
395446904 
397065375 


398688256 
400315553 
401947272 
403583419 
405224000 


406869021 
408518488 
410172407 
411830784 
413493625 


415160936 
416832723 
418508992 
420189749 
421875000 


87625—09——_8 


126 
26 
26 
26 


26 
26 
26 
26 
26 
26 
26 
26 


26. 
26. 
26. 
26 

26, 


26. 
26, 
26. 
26. 
26. 


26. 
26, 
26. 
26. 
26, 


26. 


27. 
27 

27. 
27, 
27. 


27, 
27. 
127. 
27. 
27. 


27. 
27, 
27. 
27. 
27. 


27, 
27. 
27. 
27. 
27. 


8g. rt. 


4764 
4953 
5141 
5330 
5518 


5707 
5895 
6083 
6271 
6458 


6646 
6833 
7021 
7208 
7395 


7582 
. T7689 
. T9655 
. 8142 
. 8328 


. 8514 
8701 
. 8887 
. 9072 
- 9258 


9444 
. 9629 
» 9815 


27. 
27, 


0185 


0370 
555 
0740 
0924 
1109 


1293 
1477 
1662 
1846 
2029 


2213 
2397 
2580 
2764 
2947 


3130 
3313 
3496 
3679 
3861 


Cu. rt. 


No. 


Square. 


Cube. 


8q. rt. 


2. e833! 
8. 8875 
8.8917 
8.8959 
8.9001 


8.9043 
8. 9085 
8.9127 
8. 9169 
8.9211 


8. 9253 
8.9295 
8. 9337 
8.9373 
8. 9420 


8. 9462 
8. 9503 
8.9545 
8. 9587 
8, 9628 


8.9670 
8.9711 
8. 9752 
8.9794 
8. 9835 


8.9876 
8.9918 
8.9959 
9. 

9, 0041 


9. 0082 
9.0123 
9. 0164 
9.0205 
9. 0246 


9. 0287 
9 0328 
9. 0369 
9.0410 
9, 0450 


9.0491 
9.0532 
9.0572 
9.0613 
9.0654 | 


9.0694 
9. 0735 
9. 0775 
9. 0816 
9. 0856 


564001 
565504 
567009 
568516 
570025 


571536 
573049 
574564 
576081 
577600 


579121 
580644 
582169 
583696 
585225 


586756 
588289 
589824 
591361 
592900 


594441 
595984 
597529 
599076 
600625 


602176 
603729 
605284 
606841 
608400 


609961 
611524 
613089 
614656 
616225 


617796 
619369 
620944 
622521 
624100 


625681 
627264 
628849 
630436 
632025 


633616 
635209 
636804. 
638401 
640000 


423564751 
425259008 
426957777 
428661064 
430368875 


432081216 
433798093 
435519512 
437245479 
438976000 


440711081 
442450728 
444194947 
445943744 
447697125 


449455096 
451217663 
452984832 
454756609 
456533000 


458314011 
460099648 
461889917 
463684824 
465484375 


467288576 
469097443 
470910952 
472729139 
474552000 


“476379541 
478211768 
480048687 
481890304 
483736625 


485587656 
487443403 
489303872 
491169069 
493039000 


494913671 
496793038 
498677257 
500566184 
502459875 


504358336 
506261573 
508169592 
510082399 


512000000 


lon. aoe 
27, 4226 
27. 4408 
27, 4591 
27.4773 


27,4955 
27. 6136 
27,5318 
27.5500 
27,5681 


27, 5862 
27.6043 
27.6225 
27, 6405 
27. 6586 


127. 6767 
27, 6948 
(27. 7128 
27, 7308 


27,7669 
27,7849 
27, 8029 
27, 8209 
27, 8388 


27, 8568 
27. 8747 
27, 8927 
27,9108 
27, 9285 


27.9464 
27, 9643 
27. 9821 
28, 

28.0179 


28, 0357 
28, 0535 
28.0713 
28, 0891 
28, 1069 


28. 1247 
28. 1425 
28, 1603 
28. 1780 
28, 1957 


28, 2135 
28, 2312 
28. 2489 
28. 2666 
28, 2843 


27. 7489 | 9. 


Cu. rt. 


oO 
[J 
@ 
=) 
a 


OOD POLO G Pope Soewees 
2 
iw] 
a 
a 


9, 1855 


9, 1894 
9, 1933 
9.1973 
9, 2012 
2052 


. 2091 
. 2130 
. 2170 
. 2209 
. 2248 


. 2287 
2326 
. 2365 
2404 
. 2443 


, 2482 
. 2521 
. 2560 
. 2599 
. 2638 


. 2677 
. 2716 
2754 
. 2793 


wmmwow wOoOCc ow WOOOWVS OMOMOsOoO oO 
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TaBLe XV—Continued. 


. | Square. 


Cube. 


Sq. rt. 


Cu. rt. 


No. 


Square. 


q 


Cube. 


§q. rt. 


641601 
643204 
644809 
646416 
648025 


649636 
651249 
652864 
654481 
656100 


657721 
659344 
660969 
662596 
664225 


665856 
667489 
669124 
670761 
672400 


674041 
675684 
677329 
878976 
680625 


682276 
683929 
685584 
687241 
688900 


690561 
692224 
693889 
695556 
697225 


698896. 
700569 
702244 
703921 
705600 


707281 
708964 
710649 
712336 
714025 


715716 
717409 
719104 
720801 
722500 


513922401 
515849608 
517781627 
519718464 
521660125 


523606616 
525657943 
527514112 
629475129 
531441000 


533411731 
535387328 
537367797 
539353144 
541343375 


543338496 
545338513 
547343432 
549353259 
551368000 


553387661 
555412248 
557441767 
559476224 
561515625 


563559976 
565609283 
567663552 
569722789 
571787000 


573856191 
575930368 
578009537 
680093704 
582182875 


584277056 
586376253 
588480472 
590589719 
592704000 


594823321 
596947688 
599077107 
601211584 
603351125 


605495736 
607645423 
609800192 
611960049 
614125000 


28, 3019 
28. 3196 
28. 3373 
128. 3549 
28. 3725 


128. 3901 
28, 4077 
28. 4253 
28, 4429 
28. 4605 


28.4781 
28, 4956 
28. 5132 
28. 5307 
28, 5482 


28, 5657 
28. 5832 
28, 6007 
28. 6182 
128, 6356 


28, 6531 
128. 6705 
128. 6880 
128. 7054 
28. 7228 


28,7402 
28, 7576 
28. 7750 
28, 7924 
28, 8097 


28, 8271 
28, 8444 
28. 8617 
28, 8791 
28. 8964 


28.9137 
28. 9310 
28, 9482 
28.9655 
28. 9828 


29, 

29.0172 
29. 0345 
29, 0517 
29, 0689 


29. 0861 


29. 1033 
29. 1204 
29. 1376 
29. 1548 


9. 2870 
9. 2909 
9. 2948 
9, 2986 
9.3025 


9. 3063 
9.3102 
9.3140 
9.3179 
9.3217 


9.3255 
9. 3294 
9.3332 
9.3370 
9.3408 


9.3447 
9. 3485 
9, 3523 
9. 3561 
9. 3599 


9. 8637 
9. 3675 
9.3713 
9.3751 
9. 3789 


9.4391 
9. 4429 
9.4466 
9.4503 
9.4541 


9, 4578 
9, 4615 
9. 4652 
9.4690 
9.4727 


724201 
725904 
727609 
729316 
731025 


732736 
734449 
736164 
737881 
739600 


741321 | 
743044 
744769 
746496 
748225 


749956 
751689 
153424 
755161 
756900 


758641 
160384 
762129 
763876 
765625 


767376 
769129 
770884 
772641 
774400 


776161 
TTT924 
T7T9689 
781456 
183225 


784996 
786769 
‘788544 
790321 
792100 


793881 
795664 
797449 
799236 
801025 


802816 
804609 
806404 
808201 
810000 


616295051 
618470208 
620650477 
622835864 
625026375 


627222016 
629422793 
631628712 
633839779 
636056000 


638277381 
640503928 
642735647 
644972544 
647214625 


649461896 
651714363 
653972032 
656234909 
658503000 


660776311 
663054848 
665338617 


667627624° 


669921875 


672221376 
674526133 
676836152 
679151439 
681472000 


683797841. 
686128968 
688465387 
690807104 
693154125 


695506456 
697864103 
700227072 
702595369 
704969000 


707347971 
7109732288 
712121957 
714516984 
716917375 


719323136 


- 721734273 


724150792 
726572699 
723000000 


29,1719 
29. 1890 
29.2062 
29. 2233, 
29, 2404 


29, 2575 
29, 2746 
29, 2916 
29, 3087 
29. 3258 


29, 3428 
29, 3598 
29, 3769 
29. 3939 
29. 4108 


29. 4279 
29, 4449 


29. 4788 
29, 4968 


29, 5127 
29. 5296 
29.5466 
29. 5635 
29. 5804 


29,5973 
29,6142 
29.6311 
29.6479 
29. 6648 


29. 6816 
29, 6985 
29, 7153 
29, 7321 
129, 7489 


29, 7658 
29, 7825 
29, 7993 
29. 8161 
29, 8329 


29. 8496 
29, 8831 
29, 8998 
29. 9166 


29, 9333 


29, 9833 


30, 


29, 4618 |. 


29. B664 |- 


29. 9500 | - 
29. 9666 | 9. 
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No. |Square.| Cube, Sq. rt. } Cu. rt. {| No.| Square.) Cube. 8q. rt. | Cu. rt. 
901 | 8118Q1 | 731482701 |80. 0167.| 9. 6585 || 951) 904401 | 860085351 |30. 8383 | 9.8339 
902 |- 813604 | 733870808 /30. 0333 | 9. 6620 || 952 | 906304 | 862801408 |30, 8545 | 9. 8374 
903 | 815409 | 736314327 |30. 0500 | 9. 6656 || 953 | 908209 | 865523177 |30. 8707 | 9. 8408 
904 | 817216 | 738763264 |30. 0666 | 9.6692 || 954] 910116 | 868250664 130. 8869 | 9.8443 
905 | 819025 | 741217626 |80. 0832 | 9.6727 || 955 | 912025 | 870983875 30.9031] 9. 8477 
906 | 820836 | 743677416 |30. 0998 | 9.6763 |) 956 | 913936 | 873722816 130.9192] 9. 8511 
907 | 822649 | 746142643 (30, 1164] 9.6799 || 957| 915849 | 876467493 |30, 9354 | 9, 8546 
908 | 824464 | 748613312 |30, 1330] 9.6834 || 958] 917764 | 879217912 |30. 9516 | 9. 8580 
909 | 826281 | 751089429 |30. 1496 | 9.6870]! 959} 919681 | 881974079 |30. 9677 | 9. 8614 
910 | 828100 | 753571000 |30. 1662 | 9, 6905 || 960] 921600 | 884736000 |30, 9839 | 9. 8648 
911} 829921 | 756058031 |30. 1828 | 9.6941 |} 961} 923521] 887503681 |31. 9, 8683 
912 | 831744] 158550528 |30. 1993 | 9.6976 || 962] 925444 | 890277128 |31.0161 | 9.8717 
913 | 833569 | 761048497 /30, 2159 | 9.7012 || 963) 927369 | 893056347 |31.0322 | 9. 8751 
914] 835396 | 763551944 |30, 2324 | 9.7047 || 964 | 929296 | 895841344 |31.0483| 9. 8785 
915 | 837225 | 'T66060875 30. 2490 | 9. 7082 || 965] 931225 | 898632125 |31. 0644) 9.8819 
916 | 839056 | 768575296 |30. 2655 | 9.7118 || 966 | 933156 | 901428696 31. 0805 | 9. 8854 
917 | 840889) 771095213 |30. 2820] 9.'7153 || 967] 935089 | 904231063 |31. 0966 | 9, 8888 
918 | 842724! 773620632 |30, 2985 | 9.7188 || 968 | 937024 | 907039232 31.1127 | 9. 8922 
919 | 844561 | 776151559 30. 3150 | 9.7224 |} 969} 938961 | 909853209 |31. 1288 | 9. 8956 
920 | 846400] 778688000 |30, 3315 | 9. 7259 || 970 | 940900 | 912673000 |31. 1448 | 9. 8990 
921] 848241] 781229961 /30, 3480] 9.7294 || 971 | 942841 | 915498611 /31. 1609 | 9.9024 
922 | 850084 | 783777448 |30, 3645 | 9.7329 || 972 | 944784 | 918330048 |31. 1769 | 9. 9058 
923 | 851929 | 786330467 |30, 3809 | 9..7364 || 973 | 946729 | 921167317 |31. 1929 | 9. 9092 
924 | 853776 | 788889024 |80, 3974 | 9.7400 || 974 | 948676 | 924010424 |31. 2090 9.9126 
925 | 855625 | 791453125 |30.4138 | 9.7435 || 975 | 950625 | 926859875 |31.2250| 9.9160 
926 | 857476 | 794022776 130. 4302 | 9.7470 }) 976 | 952576 | 929714176 |31. 2410] 9.9194 
927 | 859329 |. 796597983 130, 4467 | 9.7505 || 977 | 954529 | 932574833 |31, 2570) 9.9227 
928 | 861184] 799178752 130. 4631] 9.7540 || 978 | 956484 | 935441352 |31. 2730] 9.9261 
929 | 863041 | 801765089 |30. 4795 | 9.7575 |} 979 | 958441 | 938313739 (31, 2890 | 9.9295 
930 | 864900 | 804357000 |30. 4959 | 9.7610|| 980) 960400 941192000 {31. 3050] 9. 9329 
931 | 866761 | 806954491 130. 5123] 9.7645 || 981| 962361 | 944076141 |31.3209| 9.9363 
932 | 868624 | 809557568 |30, 5287 | 9. 7680 |) 982 | 964324 | 946966168 |31, 5369) 9. 9396 
983 | 870489 | 812166237 |30. 5450| 9.7715 || 983] 966289 | 949862087 131.3528] 9.9430 
934 | 872356 | 814780504 |30. 5614} 9.7750 || 984 | 968256 | 952763904 |31. 3688] 9. 9464 
935 | 874225 | 817400375 |30. 5778 | 9.7785 || 985 | 970225 | 955671625 |31. 3847 | 9. 9497 
936 | 876096 | 820025856 |30, 5941 | 9.7819 || 986 | 972196 | 958585256 (31, 4006 | 9. 9531 
937 | 877969 | 822656953 /30. 6105 | 9.7854 || 987 | 974169 | 961504803 \31.4166 | 9.9565 
938 | 879844 | 825293672 |30. 6268 | 9.7889 || 988 | 976144 | 964430272 (31. 4325 | 9.9598 
939 | 881721] 827936019 |30. 6431 | 9.7924 || 989 | 978121 | 967361669 |31. 4484 | 9.9632 
940 | 883600 | 830584000 |30. 6594 | 9.7959 || 990 | 980100] 970299000 |31. 4643, 9. 9666 
941) 885481 | 833237621 |30, 6757 | 9.7993 || 991] 982081] 973242271 |31. 4802) 9.9699 
942} 887364 | 835896888 |30. 6920 | 9. 8028 || 992 984064 | 976191488 |31. 4960 | 9.9733 
943 | 889249 | 838561807 |30. 7083] 9.8063 || 993 | 986049 | 979146657 |31.5119,| 9. 9766 
944] 891136 | 841232384 |30. 7246 | 9. 8097 || 994] 988036 | 982107784 |31, 5278 | 9.9800 
945 | 893025 | 843908625 |30. 7409 | 9.8132 || 995 | 990025 | 985074875 |31. 5436 | 9. 9833 
946] 894916 | 846590536 30. 7571} 9. 8167 || 996} 992016 | 988047936 |31, 5595 | 9. 9866 
947 | 896809 | 849278123 130. 7734 | 9.82011) 997! 994009 | 991026973 |31.5753| 9.9900 
948 | 898704 | 851971392 |80. 7896 | 9. 8236 || 998 | 996004 | 994011992 |31. 5911} 9. 9933 
949 | 900601 | 854670349 |30, 8058 | 9.8270|| 999 | 998001 | 997002999 |31. 6070} 9. 9967 
950 | 902500 | 857375000 |30. 8221 | 9. 8305 |/1000 }1000000 |1000000000 |31. 6228 }10. 
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116. To find the square root of a decimal fraction or mixed number from 
the foregoing table, multiply by 100 or by 10,000 and find the product in the column 
of squares. The corresponding number in the first column, with the decimal point 
one or two places to the left, is the desired root, 


For the cube root of a similar number, multiply by 1,000 or by 1,000,000, and 
find the nearest number in column of cubes. The corresponding number in the first 
column, with the decimal point one or two places to the left, is the desired root. 


Examples: Required the square root of 5.246. 


Multiply by 100; the result is 524, which found in column of squares is opposite 
23 in the column of numbers. Moving the decimal point one place to the left to.cor- 
respond with the multiplication by 100, gives 2.3 for the desired square root, to the 
first place of decimals and hence approximate only. Second: Multiply by 10,000; 
the result is 52,460, which found in the column of squares is opposite 229 in the col- 
umn of numbers. Moving the decimal point two places to the left to correspond to 
the multiplication by 10,000, the result is 2.29, which is the desired root to the second 
place of decimals. 


Required the cube root of 5.246. Multiply by 1,000, giving 5,246, which found in 
the column of cubes is opposite the number 17 in the first column. Moving the 
decimal point one place to the left to correspond to the multiplication by 1,000, gives 
1.7, which is the required cube root to one decimal place. Again, multiplying by 
1,000,000 gives 5,246,000, which found in the column of cubes is opposite the number 
174 in the column of numbers. Moving the decimal point two places to the left to 
correspond with the multiplication by 1,000,000, gives the number 1.74, which is the 
desired cube root correct to two places of decimals. 


To find the square root or cube root of a number greater than 1,000, find 
the nearest number in the column of squares or cubes and take the corresponding 
number in the first column, which will be correct for the number of figures it con- 
tains, 


For the fourth root, take the square root of the square root. For the sixth 
root, the square root of the cube root, or the cube root of the square rvot. Higher 
roots, the indices of which can be factored in 3’s and 2's, may be taken in the 
same way. 


117. Circular functions.—Those most used are shown graphically in fig. 68, 
They bear a definite relation to the radius of a circle in which they are drawn, When 
the radius is unity, functions are called natural, as nat. sine, nat. tangent, etc, 
Their values are given in Table XVI for each 10’ of arc. The tabulated values are 
ratios of the several functions to the radius, and if any length, expressed in auy 
unit, considered as a radius, be multiplied by a tabular number, the result will be 
the corresponding function of the circle of the given radius, The table gives values 
from 0 to 90°. For greater angles, use the following relations: Subtract the given 
angle from 180° or 360°, or subtract 180° from the angle, as may be required, to leave 
a remainder of 90° or less. Take out the required function of the remainder, which 
is also that of the given angle. 


Interpolation for values not in the table may be done approximately by taking the 
proportional amount of the difference between two consecutive values. Thus, for 
the sine of 28° 43’ take the sine of 28°40’ plus 4 of the difference between sine 
28° 40’ and sine 28° 50’. 


RECONNAISSANCE. 117 


TaBLe XVI. 
18. Natural sines and tangents to a radius 1: 
Arc, Sine. Tang. Cotang: Cosine. 
| 

o , ‘ oO f 
0 00 . 0000000 . 000000 Infinite. 1, 0000000 90 00 
10 . 0029089 - 002908 343. 7737 - 9999958 50 
20 - 0058177 . 005817 171. 8854 . 9999831 40 
30 . 0087265 -'008726 114. 5886 . 9999619 30 
40 - 0116353 - 011636 85. 93979 «9999323 20 
50 ~ 0145439 «014545 68, 75008 - 9998942 10 
1 00 - 0174524 . 017465 57. 28996 . 9998477 89 00 
10 . 0203608 - 020365 49. 10388 - 9997927 50 
20 - 0232690 ~ 023275 42. 96407 . 9997292 40 
30 . 0261769 . 026185 38, 18845 - 9996573 30 
40 . 0290847 - 029097 34. 36777 - 9995770 20 
50 . 0319922 . 032008 31, 24157 . 9994881 10 
2 00 - 0348995 . 034920 28. 63625 . 9993908 88 00 
10 . 0378065 - 037833, 26. 43160 . 9992851 50 
20 . 0407131 - 040746 24, 54175 - 9991709 40 
30 - 0436194 - 043660 22. 90376 - 9990482 30 
40 «0465253 - 046575 21. 47040 . 9989171 20 
60 . 0494308 . 049491 20. 20555 - 9987775 10 
3 00 . 0523360 «052407 19. 08113 - 9986255 87 00 
10 - 0552406 - 055325 18. 07497 . 9984731 50 
20 . 0581448 - 068243 17. 16933 . 9983082 40 
30 - 0610485 - 061162 16. 34985 - 9981348 30 
40 . 0639617 - 064082 15, 60478 «9979530 20 
50 - 0668544 - 067004 14, 92441 . 9977627 10 
4 00 . 0697565 - 069926 14. 30066 - 9975641 86 00 
10 - 0726580 . 072850 13. 72673 - 9973569 50 
20" . 0755589 « OT5T75 13. 19688 - 9971413 40 
30 - 0784591 . 078702 12. 70620 - 9969173 30 
40 . 0813587 - 081629 12, 25050 - 9966849 20 
50 - 0842576 - 084558 11, 82616 - 9964440 10 
5 00 . 0871557 - 087488 11. 43005 . 9961947 85: 00 
10 . 0900532 - 090420 11. 05943 - 9959370 50 
20 . 0929499 . 093354 10. 71191 - 9956708 40 
30 - 0958458 - 096289 10. 38539 - 9953962 30 
40 . 0987408 - 099225 10. 07803 - 9951132 20 
50 - 1016351 . 102164 9 788173 - 9948217 10 
6 00 - 1045285 - 105104 9. 514364 9945219 84 00 
10 . 1074210 . 108046 9, 255303 - 9942136 60 
20 - 1103126. - 110989 9. 009826 - 9938969 40 
30 . 1132032 . 113935 8. 776887 - 9935719 30 
40 . 1160929 . 116883 8.555546 - 9932384 20 
50 . 1189816 . 119832 8. 344955 . 9928965 10 
7 00 - 1218693 . 122784 8. 144346 - 9925462 83 00 
10 |} .1247660 . 125738 7. 953022 . 9921874 50 
20 - 1276416 - 128694 7. 770350 - 9918204 40 
30 - 1805262 «131652 7.595754 «9914449 30 
40 . 1834096 - 134612 7. 428706 - 9910610 20 
50 . 1362919 «137575 7, 268725 . 9906687 10 
Cosine. Cotang. Tang. Sine. Arc, 
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Taste XVI—Natural sines and tangents— Continued. 


Arc. Sine. Tang. ‘Cotang. Cosine. 
ce] a ie} , 
8 00 . 1391731 . 140540 7.116369 - 9902681 82 00 
10 . 1420531 . 143508 6, 968233 « 9898590 50 
20 . 1449319 . 146478 6. 826943 . 9894416 40 
30 . 1478094 ~ 149451 6, 691156 . 9890159 80 
40 . 1506857 . 152426 6. 560553 . 9885817 20 
50 . 1585607 . 156404 6. 434842 . 9881392 10 
9 00 . 1564345 . 158384 6.313761 . 9876883 81 00 
10 . 1593069 . 161367 6.197027 - 9872291 50 
20 . 1621779 - 164353 6. 084438 - 9867615 40 
30 . 1650476 - 167342 5, 975764 . «9862856 30 
40 . 1679159 «170334 5. 870804 - 9858013 20 
50 . 1707828 . 173329 5, 769368 + 9853087 10 
10 00 . 1736482 - 176327 5. 671281 . 9848078 80 00 
10 . 1765121 . 179327 5, 576378 - 9842085 50 
20 . 1793746 . 182331 5. 484505 - 9837808 40 
80 . 1822855 - 185339 5, 396517 + 9832549 80 
40 - 1850949 - 188349 5. 309279 + 9827206 20 
50 . 1879528 . 191363 5, 225664 . 9821781 10 
ll 00 . 1908090 . 194380 5. 144554 . 9816272 79 00 
10 . 1936636 - 197400 5, 065835 - 9810680 50 
20 . 1965166 . 200424 4, 989402 « 9805005, 40 
80 . 1993679 . 208452 4, 915157 - 9799247 30 
40 - 2022176 «206483 4, 843004 - 9793406 » 20 
50 . 2050655 . 209518 4, 'TT2866 - 9787483 10 
12 00 . 2079117 . 212556 - 4. 704630 - 9781476 78 00 
10 . 2107561 - 215598 4, 638245 | . 9775386 60 
20 . 2135988 - 218644 4. 573628 « 9769215 » 40 
80 . 2164396 « 221694 4, 510708 . 9762960 30 
40 . 2192786 «224748 4, 449418 - 9756623 20 
50 . 2221158 . 227806 4, 389694 «9750203 10 
13 00 . 2249611 . 230868 4, 331475 ~ 9743701 77 00 
10 « 2277844. . 233934 4, 274706 - 9737116 50 
20 . 2306159 . 237004 4, 219331 . 9730449 40 
30 . 2334454 . 240078 4, 165299 - 9723699 30 
40 . 2362729 - 243157 4, 112561 - 9T16867 , 20 
50 . 2390984 . 246240 4. 061070 . 9709953 10 
14 00 . 2419219 - 249328 4.010780 «9702957 76 00 
10 « 2447433 «252420 3. 961651 . 9695879 50 
20 « 2475627 . 255516 3. 913642 . 9688719 40 
30 . 2503800 . 258617 3, 866713 . 9681476 30 
40 « 2531952 «261728 3, 820828 . 9674152 20 
50 . 2560082 . 264833 3. 775951 . 9666746 » 10 
15 00 . 2588190 . 267949 3. '732060 . 9659258 15 00 
10 . 2616277 . 271069 3. 689092 - 9651689: 60 
20 « 2644342 . 274194 8.647046 . 9644037 . ° 40 
30 « 2672384 » 277324 3. 605883 - 96363805 . 30 
40 . 2700403 . 280459 3, 5665574 - 9628490, 20 
50 « 2728400 . 283599 3. 526093 - 9620894 10 
Cosine. Cotang. Tang. Sine. Arc. 
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Are. . Sine. Tang. Cotang. Cosine. 
° a ° f 
16 00 - 2156374 286745 3. 487414 - 9612617 74 00 
10 «2784324 . 289896 3. 449512 - 9604558 50 
20 - 2812251 - 293052 3, 412362 - 9596418 40 
30 - 2840153 . 296213 3. 375943 - 9588197 30 
40 . 2868032 . 299380 3, 340232 - 9579895 20 
50 ~ 2895887 - 802552 3. 305209 - 9571512 10 
17 00 «2923717 - 305730 3. 270852 . 9563048 73 00 
10 - 2951522 - 308914 3. 237143 - 9554602 50 
20 - 2979303 - 312103 3. 204063 - 9545876 40 
30 . 8007058 - 815298 3. 171594 - 9537170 30 
40 . 8034788 . 818499 3.139719 - 9528382 20 
50 . 8062492 - 321706 3.108421 - 9519514 10 
‘ 
18 00 - 8090170 - 824919 3. 077683 - 9510565 712 00 
"10 - 3117822 - 328138 3.047491 - 9501536 50 
20 «3146448 - 331363 3, 017830 + 9492426 40 
30 . 8173047 - 334595 2. 988685 - 9483237 30 
40 . 3200619 337833 2, 960042 - 9473966 20 
50 - 8228164 341077 2. 931888 - 9464616 10 
19 00 - 3255682 - 844327 2.904210 - 9455186 71 00 
10 - 8283172 - 847684 2.876997 - 9445676 50 
20 - 8310634 - 350848 2, 850234 - 9436085 40 
30 - 3338069 - 364118 2. 823912 - 9426415 30 
40 . 8365475 - 357395 2.798019 9416665 20 
60 - 3392852 - 360679 2, 172544 - 9406835 10 
20 00 - 3420201 363970 2, TATATT . 9396926 70 00 
10 3447521 - 367268 2. 722807 - 9386938 50 
20 - 8474812 370572 2. 698525 . 9376869 40 
30 - 8502074 373884 2. 674621 - 9366722 30 
40 - 3529306 1377203 2, 651086 + 9356495 20 
50 - 8556508 380530 2. 627912 - 9346189 10 
21 00 ~ 3583679 - 383864 2, 605089 - 9335804 69 00 
10 . 3610821 - 887205 2, 682609 + 9325340 50 
20 - 3637932 - 890554 2. 560464 - 9314797 40 
30 - 3665012 - 393910 2. 538647 - 9304176 30 
40 - 3692061 - 897274 2.517150 + 9293475 20 
50 . 8719079 - 400646 2. 495966 - 9282696 10 
22 00 - 3746066 - 404026 2. 475086 - 9271839 68 00 
10 ~ 3773021 - 407413 2. 464506 - 9260902 50 
20 3799944 - 410809 2, 434217 - 9249888 40 
30 - 3826834 «414213 2, 414213 - 9238795 30 
40 - 3853693 - 417625 2, 394488 - 9227624 20 
50 - 3880518 - 421046 2.375037 - 9216375 10 
23 00 - 3907311 «424474 2. 355852 + 9205049 67 00° 
10 - 3934071 - 427912 + 336928 + 9193644 50 
20 - 3960798 «431367 318260 - 9182161 40 
30 - 8987491 - 434812 2, 299842 - 9170601 30 
40 - 4014150 «438275 2, 281669 - 9158963 20 
50 «4040775 ~ 441747 2. 263735 9147247 10 
Cosine. Cotang. Tang. Sine. Are 
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Taste XVI—Natural sines and tangents—Continued. 


26 


26 


27 


28 


29 


30 


31 


Sine. Tang. Cotang. Cosine. . 
- 4067366 «445228 2. 246036. . 9135455 
- 4093923 - 448718 2, 228567 . 91238584 
~ 4120445 «452217 2, 211323 «9111637 
~ 4146932 «465726 2. 194299 - 9099613 
«4173385 «459243, 2.177492 9087511 
- 4199801 - 462771 2. 160895 9075333 
. 4226183 . 466307 2, 144506 . 9063078 
«4252528 - 469853 2, 128321 - 9050746 
4278838 . 473409 2. 112834 - 9038338 
. 4305111 - 4T6975 2. 096543 . 9025853 
. 4331348 + 480551 2, 080943 . 9013292 
. 4357548 - 484136 2.065531 . 9000654 
. 4883711 - 487732 2, 050303 . 8987940 
4409838 . 491338 2. 035256 . 8975161 
«4435927 «494954 2, 020386 . 8962285 
. 4461978 - 498581 2. 005689 , 8949844 
. 4487992 - 502218 1, 991163 . 8986326 
- 4513967 505866 1, 976805 , 8923234 
. 4539905 - 509525 1, 962610 . 8910065 
4565804 - 613195 1, 948577 . 8896822 
4591665 - 516875 1, 934702 - 8883503 
+ 4617486 - 520567 1. 920982 . 8870108 
- 4643269 - 524269 1, 907414 - 8856639 
- 4669012 - 627983 1. 893997 - 8843095 
- 4694716 - 531709 1, 880726 . 8829476 
«4720380 - 635446 1. 867600 - 8815782 
4746004 - 539195 1, 854615 - 8802014 
«4771588 - 642955 1. 841770 . 8788171 
«4797131 - 546728 1, 8290625 «8774254 
- 4822634 . 650512 1. 816489 . 8760263 
- 4848096 . 554309 1. 804047 . 8746197 
«4878517 - 558117 1.791736 . 8732058 
«4898897 - 561939 1.779552 » 8717844 
+ 4924236 . 565772 1. 767494 - 8703557 
«4949532 - 569619 1, 755559 - 8689196 
«4974787 . 573478 1.743745 . 8674762 
- 5000000 . 577350 1. 732050 . 8660254 
- 5025170 . 581235 1, 720473 . 8645673 
- 5050298 - 585133 1. 709011 . 8631019 
~ 5075384 . 589045 1, 697663 . 8616292 
- 5100426 . 592969 1, 686426 - 8601491 
«6125425 - 596908 1. 675298 . 8586619 
- 5150381 . 600860 1. 664279 . 8571673 
5175293 - 604826 1, 653366 «8556655 
. 5200161 - 608806 1. 642557 8541564 
. 5224986 . 612800 1.631851 - 8526402 
. 5249766 - 616809 1, 621246 - 8511167 
. 52746502 + 620832 1.610741 . 8495860 
Cosine. Cotang. Tang. Sine. 


65 00 


64 00 


68 00 


62 00 


61 00 


60 00 


59 00 
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Are, Sine, Tang. Cotang. Cosine. 
o 4 ° ts 
32 00 . 5299193 - 624869 1. 600834 - 8480481 58 00 
10 «5323839 - 628921 1. 590023 - 8465030 50 
20 - 5348440 - 632988 1. 579807 - 8449508 40 
30 - 6372996 - 637070 1, 669685 . 8433014 30 
40 . 5897507 - 641167 1, 559655 . 8418249 20 
50 . 5421971 - 645279 1.549715 - 8402513 10 
83 00. - 5446390 - 649407 1.539865 - 8386706 77 00 
10 . 5470763 - 653551 1, 530102 - 8370827 50 
20 - 5495090 «657710 1.520426 - 8354878 40 
30 . 5519370 . 661885 1.510835 - 8338858 30 
40 . 5543603 . 666076 1.501328 . 8322768 20 
50 - 6567790 « 670284 1.491903 . 8306607 10 
34 00 . 5591929 - 674508 1. 482661 . 8290376 56 00 
10 . 5616021 + 678749 1, 473298 . 8274074 60 
20 . 5640066 - 683006 1.464114 . 8257703 40 
30 . 6664062 - 687281 1, 455009 - 8241262 30 
40 - 5688011 - 691572 1. 445980 - 8224751 20 
50 . 5711912 - 695881 1. 487026 . 8208170 10 
35 00 . 5735764 - 700207 1. 428148 - 8191520 55 00 
10 . 5759568 «704551 1, 419342 - 8174801 50 
20 - 5783323 _ + 708913 1. 410609 - 8158013 40 
8Q «5807030 + 713293 1. 401948 - 8141155 30 
40 - 5830687 - TLT691 1. 393357 - 8124229 20 
50 «6854294 - 722107 1, 384835 - 8107234 10 
36 00 - 5877853 «726542, 1.376381 - 8090170 54 00 
10 . 5901361 . 730996 1. 367995 - 8073038 50 
20 . 6924819 - 735469 1, 359676 - 8056837 40 
30 - 5948228 . 739961 1. 351422 . 8038569 30 
40 . 6971586 = T4472 1, 343233 - 8021232 20 
50 . 6994893 «749003 1, 335107 - 8003827 10 
87 00 - 6018150 . 753554 1, 327044 - 1986355 53 00 
10 - 6041356 - 758124 1.319044 - 7968815 50 
20 . 6064511 - 762715 1.311104 - 7951208 40 
30 . 6087614 » TET32T 1, 303225 - 1933533 30 
40 . 6110666 - TT1958 1. 295405 . T915792 20 
50 . 6133666 . 776611 1. 287644 « 7897983 10 
88 00 «6156615 « T81285 1.279941 7880108 52 00 
10 - 6179511 - 785980 1. 272295 - 7862165 50 
20 - 6202355 - 790697 1. 264706 - 7844157 40 
30 - 6225146 «195435 1. 257172 - 7826082 30 
40 « 6247885 - 800196 1, 249693, . 7807940 20 
50 . 6270571 - 804979 1, 242268 . 1789733 10 
39 00 - 6293204 - 809784 1, 234897 « 7771460 61 00 
10 . 6315784 - 814611 1, 227578 - 7753121 50 
20 - 6338310 . 819462 1, 220312 - 7734716 40 
30 - 6360782 - 824336 1.213097 . 7716246 30 
40 - 6383201 . 829233 1, 205982 . 7697710 20 
50 - 6405566 - 834154 1, 198818 . 7879110 10 
| Cosine. Cotang. Tang. Sine. Arc, 
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Are. Sine. Tang. Cotang. Cosine. 
° a Oo or 
40 00 - 6427876 . 839099 1, 191758 - 7660444, 50 00 
10 . 6450132 - 844068 1.184737 - 7841744 50 
20 - 6472334 - 849062 1.177769 - 7622919 40 
30 . 6494480 - 854080 1.170849 - 7604060 30 
40 - 6516572 - 859124 1. 163976 - 1585136 20 
50 - 6538609 . 864192 1.157149 1566148 10 
41 00 . 6560590 - 869286 1. 150368 . 1547096 49 00 
10 . 6582516 . 874406 1. 143632 . 1527980 80 
20 - 6604386 - 879552 1.136941 . 7508800 40 
30 . 6626200 - 884725 1, 180294 . T489567 30 
40 . 6647959 . 889924 1. 123890  T4T0251 20 ° 
50 . 6669661 . 895150 1.117130 . 7450881 10 
42 00 - 6691306 - 900404 1.110612 - 1431448 48 00 
10 . 6712895, . 905685 1. 104136 «7411953, 50 
20 . 6734427 - 910994 1.097702 - 7392394 40 
30 - 6755902 . 916331 1.091308 « T3T2T73, 30 
40 - 6777320 - 921696 1, 084955 + 7353090 20 
60 . 6798681 . 927091 1, 078642 - 7333845 10 
43 00 - 6819984 - 982515 1. 072368 + 1313537 47 00 
10 - 6841229 - 937968 1. 066134 + 7293868 50 
20 - 6862416 - 943451 1.059938 | + 1273736 40 
30 . 6883546 - 948964 1, 063780 » 1253744 » 80 
40 - 6904617 - 954508 1, 047659 - 7233690 20 
50 - 6925630 - 960082 1, 041576 - T218574 10 
44 00 - 6946584 . 965688 1, 035530 - 7193398 46 00 
10 «6967479 971826 1, 029520 « TL73161 60 
20 - 6988315 - 976995 1, 023546 - 7152863 40 
30 . 7009093 . 982697 1. 017607 « 7132504 30 
40 . 7029811 - 988431 1.011703 . 7112086. 20 
50 - 7050469 . 994199 1, 005834 . 7091607. 10 
45 00 - 7071068 1. 000000 1. 000000 . 1071068 45 00 
Cosine. Cotang. Tang. Sine. Arc. 
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119. Properties of circles.—The ratio of the diameter to the circumference is 
represented in mathematics by 7 called Pi. Its value can not be exactly expressed. 
To 5 decimal places it it 3.14159, which equals 47 nearly. Log. w equals 0.4971499, 

Diam. x 3.14159 = circ. 

Diam. x 0.886277 = side of square of equal area. 
Diam, X 0.7071 = side of inscribed square. 

4 w D2 = 0.7854 X D2 = Area of the circle. 
wr? = 3.1416 x r2 = Area of the circle. 

The length of an are of n° = rn x 0.017453. 


Example: If the radius is 542 ft., the length of an are of 18° 20’ = 189.33 x 
542.x 0.017453 = 165.5 fty 


120. Properties of some plane figures.—Triangles are classed as equilateral 
when the 3 sides are of equal length; isoceles, when two sides only are equal; acute- 
angled, when each of its angles is less than 90°; obtuse-angled, when one angle is 
greater than 90°. 


The sum of the angles of any triangle is 180°. The sides are directly proportional 
to the sines of the opposite angles, the greatest and least sides opposite the greatest 
and least angles. 

Formulas for the solution of plane triangles. Fig. 69. 


Given 2 sides, as a and b, and an angle opposite to one of them, as B. 


asin. B, 


fin, A= 5 C= 180°— (4 + B); c= 7 8D. C 


Given 2 angles as A and B and the included side c, the most common case. 


= 1809 — (A+B): aC SDA, , asin. B 
a AE Og gare 
Given 2 sides at a and b, and the included angle C, 


180°— C=A+B 
A=B_(q—v) SE) 


Tan. 
a+b 
_A+B,A—B,,_A+B_ A—B, ,_asind 
(og oe ice 2 i sin. A” 
Given the 3 sides— 


b , 4 (sb) (Boo) 
Sees; sin. = 4/ LSUECEDE 


sin. 2— y/ =a) (S—2), sin. S_4/ B=) G8) 
2 ae 2 ab 


For every right-angled triangle the sine of the right angle is 1 and the following 


relations result: The side opposite the right angle is called the hypothenuse. 
Fig. 69. 
b 


Hypothenuse =a=c + sin. C=c X sec. B =n 
=b xX sec. C=y b2 + ¢2; 
boa sin. B=a x cos. C=c X cotang. C—c X tang. B; 
c=aX sih. Ca X cos. B=b X tang. C; 
ain. B= 2. cos, CO; sin. C= © = cos. B; 

a a 


tang. B= be cotang. C; tang. Csi= cotang. B. 
The area of a triangle equals any side multiplied by 14 the perpendicular distance 
from that side to the opposite angle. If the perpendicular from the angle does not 
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intersect the opposite side, prolong the side, but do not include the prolongation in 
its length for computing the area. All triangles which have a common side and 
their opposite angles in a straight line parallel to the common side, are equal in area. 


A line bisecting one angle divides the opposite side into parts proportional to the 
adjacent sides. In fig. 70, ab bisects the angle at a and bo: ac::bd: ad, 


Lines drawn from each angle to the middle of the opposite side intersect in a com- 
mon point, which is the center of gravity of the triangle. The shorter part of each 
line is 14 the longer, fig. 71. 


A line joining the middle points of two sides is parallel to the third side and 44 its 
length. In fig. 71 the line ef, joining the middle points of ab and be, is parallel to 
ac, and 44 Its length. Lines joining eg and fg would be parallel to ab and be, and 
half their length, respectively. 

Similar triangles are those which have the same angles and differ only in 
length of sides. The ratio between corresponding sides of all similar triangles is the 
same, since it is the ratio of the same function of the same angles. Hence, if two 
sides of a triangle and one of the corresponding sides of a similar triangle are known, 
the other corresponding side may be determined. The simplest test of similar tri- 
angles is that their corresponding sides are parallel or perpendicular. The principle 
of similar triangles is of great utility in field geometry. 


The side of a square equals the diam, of an inscrihed circle; or the diam. ofa 
circumscribed circle x 0.7071. The diagonal of a square equals one side x 1.4142. 


The area of a trapezoid, fig. 72, equals 44 the sum of the parallel sides ab and cd 
multiplied by the distance between them, ef. 


The area of a trapezium—no two sides parallel—fig. 73, equals 44 the diagonal ac 
multiplied by the sum of the perpendiculars, bf and de. 


The side of a hexagon equals the radius of a circumscribed circle. The area 
equals the square of 1 side X 2.598. The side of an octagon equals the radius of a 
circumscribed circle x 0.7633. The area equals the square of one side x 4.8289. 


To draw an octagon in a square (fig. 74).—From each corner with a radius 
equal to 44 the diagonal describe arcs as shown. Join the points at which they cut 
the sides. If asquare stick be scribed at a distance from each corner equal to 0.3 
the side of the square and the corners chamfered to the marks, the resulting section 
will be nearly a true octagon. = 


121. Geometrical constructions.—To divide a straight line into any number of 
equal parts. From one end of the line draw another, making any convenient angle 
with it, ag 10° or 20°. On this auxiliary line lay off any assumed distance as many 
times as the number of equal parts desired. Join the last point so détermined with 
the end of the first line. Through each of the points marked on the auxiliary line 
draw a line parallel to the line joining the ends. These lines will divide the given 
line into the desired number of equal parts. 


To draw a perpendicular from a given point on a line: Mark 2 points equidistant 
from the given point, fig. 75, and with them as centers and a radius greater than 
their distance from the given point describe arcs on each side of the line. Connect 
one intersection with the given point by a straight line, which is the perpendicular 
required. As acheck on accuracy, note whether the line passes through the other 
intersection. 


If the given point is at one end of the line, from a convenient point ¢ outside the 
line describe a semicircle passing through the given point, and cutting the line again 
as at b, fig. 78. Draw a straight line bc through the center to the arc on the other 
side asatd. The line da is the perpendicular required. 


From a given point to let fall a perpendicular to a given line. From the given 
point, fig. 77, describe an arc cutting the line twice. With these two points proceed 
as in erecting & perpendicular at a given point, fig. 75, or bisect the portion of the 
line between the intersections, as at d, and draw the line ad, which is the perpen- 
dicular required. 


To describe a circle passing through 3 given points: Join the points by 2 lines, a8 
ab and be, fig. 76, and construct a bisecting perpendicular on each, The perpen- 
diculars intersect at the center of the required circle. 


Reconnaissance. 
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122. Areas are to each other as the squares of similar lines; similar triangles ag 
the squares of corresponding sides, or of perpendiculars from corresponding angles 
to opposite sides, etc. 

Squares are to each other as the squares of the sides or diagonals. . 

Other regular polygons are to each other as the squares of the sides or of the radii 
of inscribed or circumscribed circles. 


Circles are to each other as the squares of diams., or radii, or chords of equal arcs. 


123, Spheres and ecubes,—The surface of a sphere = 4m r? = 12.6664 r? = 3.1418 
2 = 0.3183 circ. squared = 4 x area of a great circle= diam. x circ. = the curved sur- 
face of circumscribed cylinder. 

The surfaces of two spheres are to each other as the squares of corresponding lines, 

The volume of a sphere = $7 r3 = 4.1888 ré = 0.5236 d3 = 0.01689 circ.3 = 34 diam, x 
area of great circle = 24 vol. of circumscribed cylinder = 0.5326 vol. of circumscribed 
cube. 

The volumes of spheres and cubes are to each other as the cubes of their cor- 
responding Zines, or the squares of corresponding surfaces; for a aphere, the radius, 
the diam., the area of a great circle, or of any circle subtending equal angles at the 
center; for a cube, an edge, a diagonal of a side, or a diagonal of the cube. The 
diagonal of a cube = the edge x 1.7321. 


124. Gravitation.—The earth’s attraction is measured by the increase in the 
velocity of a falling body which that attraction produces in a second of time, This 
quantity is represented by g, and its value at the surface of the earth on the equator 
is 32.092 ft. This means that if any body is falling freely its velocity at the end of 
any second of time is 32.092 ft. per second greater than at the beginning of that 
second, If the body starts from rest, its velocity at the beginning is 0, and at the 
end of the first second is g. The velocity of any falling body at any instant equals g 
multiplied by the number of seconds the body bas been falling. ‘his relation is 
strictly true for a vacuum only, but for moderate heights is nearly correct in air. 


The value of g varies slightly with the latitude as shown in the following table: 


TaBLe XVII, 
125. Values of g at surface of earth in different latitudes: 


7 Value of g ‘ Value of g 
Latitude. in feet. Latitude. in feet. 
Equator ~--------------...-- 92.08 |) “629-16! so cscccscannnhekosae 32,19 
20° 40° 32.11 32, 21 
309____ 32.13 32.23 
37° 10’ 32.15 82, 25 
32,17 


126. The value of g varies also with the distance from the center of the earth; or 
the distance above or below the surface, diminishing in both cases, This diminution 
is approximately 0.016 ft. for each mile above the surface and 0.008 ft. for each mile 
below. 


127. The fundamental law of motion of falling bodies is v2 = 2gh, in which v = the 
velocity at any point in feet per second; hk, the distance through which the body has 
fallen from rest to the given instant. 


Asv = gi, h= log = 16, These relations are strictly true only in vacuo, but for 
emall, emooth, dense objecta are approximately correct for motion in air up to 5 
seconds. 


128. Centrifugal force.—If w = the weight of a revolving body and » the num- 
ber of revolutions per minute, r = the radius of revolution or the distance of center 
of gravity of the body from center of motion, and c = the centrifugal force or pull'on 
the radius in lbs., then c = 0,00034wrn?, 
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ADDENDA, 1907. 


129. Military reconnaissance of Cuba.—In October, 1906, Gen. J. Franklin 
Bell, commanding the Army of Cuban Pacification, ordered a military reconnaissance 
of the Island of Cuba, This work, though done under conditions somewhat differ- 
ent from those assumed in the foregoing pages, and covering territory much larger 
than is likely to be reconnoitered by a marching army, is such a valuable practical 
exemplification of the principles upon which all military reconnaissance must be 
based that a succinct description of it is given. 


180. The reconnaissance was ‘organized and conducted as prescribed in Field 
Service Regulations through the agency of the Chief of Staff and the Chief Engineer 
of the Army of Cuban Pacification The subjoined description is condensed from 
the instructions issued and information supplied-by the Chief Engineer. 


181. A military map of Cuba prepared, largely by compilation, after the close of 
the Spanish war, was used as a base. Its scale was 1: 250,000. This map was 
divided into 87 rectangles of 30’ of latitude by 30’ of longitude. These rectangles 
were enlarged to 1: 62,500 by pantograph, and blueprints made of the enlargementa. 
The prints were reversed, showing blue lines on white ground. Each rectangle was 
then divided into 35 subrectangles or sections arranged and numbered according to 
the following scheme: 


These sections were about 5 by 7 ins., and twocopies of each large rectangle were 
cut up into sections and the smaller parts pasted on heavy cardboard. Each such 
card was numbered on the back to correspond with its place on the full sheet. 
When a full sheet extended beyond the land area the sections falling entirely on 
the water were omitted, but the number of a section corresponding to its place on 
the full sheet was never changed. Twosets of these cards were sent to each officer 
charged with the area covered by them, and in addition two or more uncut sheets 
or rectangles. . 


132. When several parties worked from the same station a coordinating recon- 
naissance officer was appointed to supervise the work of all, allotting cards to the 
various: parties, preventing duplication, and seeing that the work was well done 
and checked. For convenience, plotting was authorized to be done on a scale of 1 
in, tol mile. The work was done by officers assisted by enlisted men. 


The method of pracedure was as follows: 


Each party took into the field one or more of the cardboard sections and actually 
traversed all roads, railways, public and private (plantation), and important trails. 
TInaccuracies of the base map were corrected to show in true location all roads, 
buildings, bridges, large culverts, fords, telegraph and telephone lines, fortifica- 
tions, and other features of military importance. Lines of communication not 
shown on the base map were followed and drawn in. Features shown on the map 
but not found on the ground were crossed off and marked ‘‘our.’” 


Contouring was not attempted on fiat or ordinary rolling country, but hill forms, 


prominent ridges, and accessible mountains were shown by contours at 50-ft. 
intervals, 
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Swamps, woods, cultivated land, etc., were shown by conventional signs, Yil- 
lages and towns were shown in true plan when practicable, with their names cor- 
rectly spelled. If a true plan could not be shown on the scale of the map, a sketch 
of the village on a larger scale was included in the notebook of descriptive Inatter, 
which was very complete. The rule, however, waa to put on the map everything 
that could be shown tbere witbout confusion. Matter which could not be so shown 
was entered in the notebooks which were sent in with the completed sheeta, 


The work of each day was transferred in ink to the large sheet in the evening. 
If parties were to be out more than one day and there was no copy of the large 
sheet available to carry with them, each day’s work was gone over with ink on the 
cards.themselves in the evening. Care was taken to have continuing features, ag 
roads and streams crossing the dividing lines between cards, checked by comparison 
with adjacent cards before sending in results, When this could not be doneon 
account of the adjacent territory not having been covered by field parties, such 
features were continued far enough beyond the border of the card to be checked 
with well-defined points on the other cards, a special description of the checking 
point being made and attached to the card when necessary, g 


Distances were meaaured by pacing, foot or mounted, and by >dometer and cyclom- 
eter. Directions were by compass, with sufficient attention to the variation to 
permit the deduction of true bearings, 


The large sheets were sent in to the office of the Chief Engineer as soon as com- 
pleted, The card sections were sent in as opportunity offered ag soon as practicable 
after work on them was completed and transferred. 


The base map was found ao defective in many parts that practically everything on 
it was marked ‘‘ ouT’’ and the cards were used as though they had nothing on them. 
In some cases the cards were entirely discarded, and to avoid accumulative errors, 
the following method was adopted: Road reconuaissances, showing all road and 
stream crossings, were first.made so aa to form large loops of 20 to 60 miles in per- 
imeter, the several loops covering the entire rectangle, Hach of these loops was 
made to close on itself and adjusted so as to properly connect with the adjacent 
loops. The crossroads, etc., were tben run in and adjusted to fit the crossings as 
already determined, the adjusted loops taking in some degree the place of a trian- 
gulation system. This method was found to give good results. 


133, The total area covered by the survey was 40,000 square miles, and the field 
work was completed between the middle of October and the middle of April. Moro 
than 90 per cent, bowever, was con)pleted in five of these six months. A battalion 
of engineers completed 14,000 square miles in four and one-half months. Three 
companies of another battalion of engineers completed 4,800 square miles in about 
two months, Five officers of marines with detachments from that corps completed 
1,200 square miles. The remainder, 20,000 square miles, was assigned to infantry 
and cavalry commanders at twenty different stations throughout the island, 


96a, By direction of the Chief of Staff, the conventional signs adopted in 1904 and 
published to the Army in pamphlet form as War Department Document No. 238, 
Office of Chief of Staff, are included in the revised edition of the Engineer Field 
Manual. These signs are shown in figs. 79-91, inclusive. Except for the lettering, 
which has been reengraved, the original plates, slightly modified, have been used, 
with some changes in spacing and disposition of matter to suit the form and size of 
the Manual page. The modifications alluded to, which have been approved by the 
Chief of Staff, are in the classification of wagon roads (fig. 79), and of streams (fig. 85), 
and in the sign for a canal (fig. 80). Other changes are additional and explanatory. 


96b. The adaptation of conventional signs to the size and scale of the map is accom- 
plished in part by varying the boldness of the pen or brush strokes and in part by 
wider spacing of them, ‘The strokes must never be so smal] as to render the sign 
illegible and never larger than can be easily made with a medium pen. The object 
is to produce a result which, while distinct as to conventional meaning, shall not be 
so heavy in general tone as to catch the eye, or, what is especially important in mili- 
tary maps, to obscure any additions which may be made. Topographical signs 
should be perfectly clear when looked for, but not obtrusive. 

As a rough guide, it may be stated that the signs shown in the plates are about 
right for continuous areas of 3 sq- ins. or less in maps of scales of 2 or 3 ins. to the 
mile. If the map areas are larger or the scale smaller, the signs should be ligbtened 
some, but not much, by making the strokes smailer and by spacing them wider. 
Some examples of good maps show the meadow sign, for example, with 2 or 3 ele- 
ments to the sq.in. For very large scale maps and for field sketches the strokes 
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may be made heavier and the spacing in them close. These remarks apply only to 
cultural signs, and a few others the significance of which is independent of size and 
shape. All natural or artificial features in which size and form are in any way 
material should be drawn with as much regard to the scale as practicable. This 
becomes more important as the scale is larger. 


It may, therefore, happen that the same feature will be differently shown on maps 
of different scales. This is well illustrated in the case of streams. Fig. 85 shows 
three signs for streams. On a large-scale map, say 1: 1,000, a rivulet a few feot wide 
would be shown by the third sign, or probably the second, while on a acale of 
1: 1,000,000 a stream 1 mile-wide would be shown by the first sign. 


9te. There should always be a certain correspondence between the refinement of 
the map drawing and the accuracy and elaborateness of the field measurements and 
observations on which the map is based. The general appearance of a map suggests 
the class of fieldwork from which it should be derived, and if this suggestion is not 
in accordance with fact the map is deceptive. A broad simple drawing corresponds 
to rough and rapid fieldwork. A finely drawn and highly finished map corresponds 
to a deliberate and exact survey. -If rough fieldwork is represented by a highly fin- 
ished work, it is given more value tban it deserves, and more confidonce in its details 
may lead to disaster. If, on the contrary, high-class fieldwork is crudely drawn, 
its apparent is less than its true value and time may be wasted in needless verifica- 
tion. The former contingency is much more serious than the latter. The conven- 
tional signs or lettering shown in figs. 48-61, inclusive, are suitable for the rough 
and hasty work of field sketches and maps for temporary use. Those shown in figs. 
79-91, inclusive, are suitable for finished permanent maps representing accurate 
surveys. Between these two extremes there is a wide range to be covered by field 
signs more finely drawn, or by the finished map signs more boldly drawn, or by 
combinations of the two methods. 


96d. On civil maps explanatory matter is usually confined to notes. Ou military 
toaps much use should be made of explanatory matter in the body of the map relat- 
ing to single features. The design, material, and dimensions of bridges may ‘be 
indicated; ‘the height and width of channels and dimensions of locks and canals may 
be given; the width, depth, and character of streams may be indicated, and other 
data of tactical value may be set forth. This method of expression will be more 
freely used as the maps or sketches are of less permanency or more historical in 
character. For maps designed for permanent use, or for use at an indefinite future 
time, this method must be employed with caution, in view of the fact that most of 
such data is of changeable type and may become obsolete, wheu its presence on the 
map will do more harm than good. 

The following abbreviations of words of frequent recurrence have been adopted by 
the War Department for use on all military maps and sketches. It is not required 
that an abbreviation shall be used when space and time permit the full word to be 
written, but it is required that when any of the following words is used it must be 
written in fnll or abbreviated as shown, and none of the abbreviations given may 
be used for any other word than the one for which it stands in the table. Words 
not given in the table should not be abbreviated if it can be avoided. 


96e. Authorized abbreviations. 


A. Arroyo. a Girder. q. Pp» Queen-post. 
abut. Abutment. . M. Gristmill. R. River. 

Ar Arch, i, Tron. R.H. Roundhouse, 
bd. Brick. I Island. R.R. Railroad. 
B.S. Blacksmith shop. Je. Junction. 8. South. 

bot. Bottom. k.p. _King-post. 8 Steel. 

Br. Branch. L. Lake. ~ $.H. Schoolhonse, 
br. Bridge. Lat. Latitude. S.M. Sawmill. 

Cc. Cape. Idg. Landing. Sta. Station. 
cam. Cemetery. L, 8.5. Life-saving station. st, Stone. 

con, Concrete. L.H. Lighthouse. str, Stream. 
cov. Covered. Long. Longitude. T.G.  Tollgate. 
Cr. Creek. Mt. Mountain. tres. Trestle, 

cul. Culvert. . Mts. Mountains, tr. Truss. 

D.S. Drug store. N. North. W.T. Water tank. 
E. East n.f. Not fordable. W. W. Waterworks. 
Est. Estuary. p- Pier. Ww. West. 

ft. Fordable. pk. Plank. we Wood. 

Ft. Fort. P.O. Post office. 

G.S,. General store. Pt Point, 
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ADDENDUM, 1908. 


96f. A method of conyentionally indicating topographical data on maps and 
sketches in greater completeness, and in much smaller compass than by any other 
known system, and which promises excellent results, has just been proposed by 
Capt. Consuelo A. Seoane, Philippine Scouts. It is based on the decimal system of 
library classification, substituting for the various subjects incorporated in the 
library catalogue the names of topographical features and other important qualities 
and characteristics. 


Any number of digits may be employed, but Captain Seoane has found eight 
(that is, four on each side of the decima] point) to cover any one subject fully. If, 
for example, it be required that the map shall show the military significance of a 
road, and in the classification index roads are assigned under the. general heading 
6000, by employing eight digits, the information may be conveyed that the feature 
described is a road, and seven facts pertaining to the road may he clearly atated. 
The kind or class of road may be placed in the hundreds place, or the third digit 
from the decimal point; and it may appear that while 6000 is a road, 6100 isa 
macadam road, 6200 is a paved road, 6300 is a dirt road, 6400 a trail, and so on up to 
9, if there be so many kinds of roads. 


Practicability for military uses, the next important classification after the kind of 
road, may be assigned to the tens place, and as to practicability 6010 may represent 
a road passable for artillery, 6020 for wagons, 6030 for cavalry, 6040 for foot troops, 
and 80 on to a8 many places as may be necessary to cover all the varieties of troops 
and trains in the column. 


Taking the character of the soil next, ita classification may appear in the units 
place; and we might have 6001, a sand road; 6002, a clay road; 6003, a gravel road, 
and so on. 7 x 

Width, as relating to military use, being an important item, it may be placed in 
the tenths place; and we may have 6000.1, wide enough for wagons to pass; 6000.2, 
wide enough for troops to pass wagons; 6000.3, wide enough for troops to pass each 
other by breaking into column of twos; 6000.4, wide enough for troops to march in 
file and pass each other, but with difficulty, and so on. Paae 


This may be followed by drainage in the hundredths place; as 6000.01, well drained; 
6000.02, poorly drained; 6000.03, fiooded in the rainy season. 


In the third decimal, or thousandths place, the gradient may be described, as 
6000.001, less than 2 degrees maximum; 6000,002, from 2 to 5 degrees maximum; 
6000.003, from 5 to 8 degrees maximum, etc. 


There remain the fourth or as many following decimal places as are required to 
accommodate the desired subheads. The description of the ordinary road is fully 
given on the headings indicated above. 


For example, let a map have written along a road between towns a number, as 
6113.331. Looking this up in the index, the first number, 6, means a road; thel 
in hundreds place means macadam, the second 1 shows the road practicable for 
artillery, and the 3 in units place indicates that the soil is gravelly; the 3 in the tenths 
column shows that troops may pass each other by breaking into twos, the 3 in the 
hundredths place indicates flooded in the rainy season, aud the following 1 that the 
maximum gradient is less than 2 degrees, indicating quite a flat country. 

One important advantage claimed for this’system is that by properly ree Sirs 
the index the topographical data displayed on the map become a secret which can 
only be known to those possessing the key. 
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ABOVE GAC. oe oo ose sms on | 


131 


79 


Reconnaissance 


Reconnaissan 


Reconnaissance 
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City or Village 


Pop.2625 


Capital & County Seat © City or Village 


Buildings 

Triangulation Station 
Plane-table Station 
Common Survey Station 
Bench: Mark 


Mines and Quarries 


LINES 


Township or Barrio 


Reservation 


Lettering on Boundary Lines 


Reconnaissance 


aissance 


Reconnaissance 


Pivist ” 


Regimental Headqu]areer sce 


+ soveoy F cooooo $ 
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Medical Corps ....... gy 
R 


Signal Corps 


Engineer Corps. ... 


Gun Battery 
Mortar Battery... 
sé plan to be I aseeeeces, 


CAP oo... 


OBSTACLES — 
NOTE: When color is used execute these in red. 
ABA oo eseoe (ccscttocnmeae Se SPP 


Wire, entanglement. 


Cortact Mines... 


DeTROPMIONS co oe ee cl eee eT ene ees 
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CIVIL _ DIVISIONS 


States, Counties, Townships, Capttais and 


ABCDEFGHIJ 
KLMNOPORST 
UVWXYZ 


Towns and Villages {with Cap. initials) 


abcdefghijkimnopaqrstuvwxyz 


Lakes, Rivers and Bays (all capital letters ) 


ABCDEFGHIJ 
KLMNOPOQRST 
UVWXYZ 


Creeks, Brooks, Springs, small. Lakes, Fonds, 
Marshes and Glaciers (with Cap. witials ) 


abcdetgohyklmnopqrTsuv wry xZ 
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HYPSOGRAPHY 
Mountains, Plateaus, Lines of Cliffs 
and Canyons fall capital letters ) 
ABCDEFGHIJKLMNOPQRSTU 
VWXYZ 
Peaks, small Valleys, Islands and Points 
(with Cap. initials ) 
abcdefghijkImnopqrstuvwxyz 


PUBLIC WORKS 


Railroads, Tunnets, Bridges, Ferries, Wagon-roads, 
Trails, Fords and Dams (capitals only) * 


ABCDEFGHISKLMNOPQORSTUVWNYZ 


CONTOUR NUMBERS 


Heavy contours 1234567890 


Light contours 1234567890 


MARGINAL LETTERING 


ABCDEFGHIJKLMNOPQRSTU 
VWAY Z 
(with Cap. initials } 


abcdefhijkl mnopqrstuvwxyz 
1234567890 
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| 


Gage of Letters 
(in Decimaillimeters ) 


So 
Prom Pr 8 ° 
2S ee ee 
Newton to ’ 
2 isc 
Edt or 13 
as... 


Thickness of letter? of height. 
Slope of letter 3 parts of base to 8 of height. |, 


Fit 
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FIRE CONTROL; COAST ARTILLERY. ; 
Abbreviation. Sign. | 


Battle Commander's Station c © 


Primary Station of a Fire Command__.__ LF’ ; 


Secondary “ " " “ a F” FF’ 


Supplementary” ate ote it Fe” fF" 


Primary Station of a Battery. B. 


Secondary “ "i 


Supplementary’ “ “ “ BY 


Primary Station of a Mine Command_____M‘_(’) 
“ 


iM) 
Supplementary a 


Double Primary" " “MM X) 


Secondary‘! ‘‘‘‘*! if M”_M’_MIM] 


Secondary . ee 1 oe 4 M 


aca tes “a mM” 


“ 


Separate Observing Room ie) (0) 

“Plotting “ Pp (P) 
Battery Commander’s Station B.C. 
Meteorological Station_____Met.__ 


Tide Station T. 
Searchlight S (s) 
Iuminating Digi 2 ae a ee Sls 


Post Telephone Switchboard___P.s.B.__}] 
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PART IIl—BRIDGES. 


1. The kind of bridge te be built depends upon the load, the nature of the obstacle, 
and the materials available. Time is of prime importance in the construction of 
bridges for troops in campaign, and the proper distribution of men and material to do 
the work quickly must be made. 


2, Loads.—Loads are classified as dead or stationary and live or moving. Gener- 
ally speaking, the former is the weight of the bridge itself and the latter the weight 
of the traffic over it. Loads are usually stated in Ibs. per sq. ft. for highway and 
per lin. ft. for military and railway bridges. Some loads of military bridges are as 
follows, all in Ibs. per lin. ft.: Infantry, single file, 140; infantry, column of twos, 
280.; infantry, column of fours, 560; cavalry in single file, 196; cavalry in column of 
twos, 39%. Infantry in heavy marching order average 200 lbs. per man; when un- 
armed, 160 lbs. When crowded in a mass they may weigh 133 lbs, per sq. ft. of 
standing room. 

TABLE I. 


3. Weights of guns and military carriages, fully loaded for traveling: . 


Weight on the 


wheels, Distance | Width 
between | of wheel 

axles, track, 

Front, | Hind. | c. toc. | c. toc. 

Lbs. Ft. Ins. Ft. 

3.2-in. B, L. F. gun 2, 070 8 7 5 
3.6-in. B. L. F. gun 2,415 8 8 5 
3.2-in. caisson___ 2, 805 8 584 5 
3.6-in. caisson__—__ --_.- 3,070 8 6 5 
Battery and forge wagon _ 2,130 8 6 5 
5-in. siege rifle__.-.-.__ _| 2,580 | 6,425 8 1. 5 
7-in, siege howitzer 2,510 |} 6,920 8 14 5 
Maxim automatic _ -| 1,950} 1,230 7 0 5 
Gatling. 754 | 1,075; 7 0 5 
Army escort wagon (4 mules) -| 2,500 | 2,500 5 9h 5 
Army wagon (6 mules)_..----_..------------ 3,500 | 3,500 6 14 5 


4, Bridges for general road traffic.—The dead load is the weight of the euper- 
structure. Estimate quantities of the different materials and multiply by unit weights 
from the tables following. 

The live load is asswmed at 100 lbs, per sq. ft. of fioor, or 5 tons concentrated on two 
axles 5 ft. long and 8 ft. c. toc. 

Bridges for a special purpose exclusively may be proportioned for the correspond- 
ing load. 

5. Railroad bridges.—The dead load is computed’as before. To save time the 
fioor, consisting of rails, ties, and guard timbers only, may be taken at 400 lbs. per 
lin. ft. o? track, : 

The live load on each track, supposed to be moving in either direction, may be as- 
sumed at 6,000 Ibs. per lin. it. of track, or 50,000 lbs. on each of two pairs of driving 
wheels 734 ft. c. toc. 


6. Site.—Favorable conditions are narrowness of stream; stable banks of equal 
height; hard but penetrable bottom; moderate depth and current; permanent water 
level, and absence of navigation, 
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7. Measurement of width will be done directly by use of tape, wire, or line, if 
practicable. Boats or floats may be used to support a Jong line. Otherwise, by inter- 
sections (see Topographical reconnaissance). 


8. Strength of wooden beams.—For crushing, ‘tensile, and shearing strength, 
tmaultiply the cross section in sq. ins. by the unit stresses in Table II. The result 
will be the ultimate tensile strength in Ibs. This divided by the adopted factor of 
safety gives the safe tensile loadinlbs. From this the crushing and shearing strengths 
are derived by applying the percentages given in the table, 

For transverse sirength.—Multiply breadth of crosa section by aq, of depth; divide by 
34 of the length between supports, all in ins.; multiply by factor in column 2, Table 
it. The result will be the breaking load in lbs. applied uniformly, or twice the break- 
ing load applied at center of span. The safe load is 14 to 1% of the above, depending 
upon the importance of the structure, its temporary or permanent character, and the 
amount of vibration probably caused by the live load. The ratio of breaking load to 
maximum actual load is the factor of safety. It should be 4 to 6 as above. 

The breadth of a rectangular cross section is the face to which a load is applied. 
The depth is the face at right angles to the breadth. 


A round beam hag .f, the transverse strength of a square beam with breadth and 
depth equal to its middie diameter. 


TaBLE II, 


9. Constants of strength and weight of a number of species of wood when 
dry; principal authority, Trautwine: 


. Tensile | Wt. per 
Species. R. str. cu. ft. 


Lbs. per | Lbs, per 
Sq. a. 8g. in. Lbs, 
7, 800 16, 600 38 


Ash, American white__ 
Ash, swamp_.. 
Ash, black ___. 
Beech, American —_.__ 
Birch, American black. 
Birch, American yellow__ 
Cedar, American white 


Mangrove, wh: 
Mangrove, black... 
Maple, soft___. 


Maple, black 9,000 10, 000 49 
10, 200 10, 000 | 32-45 
7, 200 10, 000 59.8 
7, 200 10, 000 48 
6, 600 7,000 2%. 
5,400 10,000 |___-_--- 
= 5, 400 7,000 26 
Pine, American yellow_ 6, 000 9, 000 34 
Pine, American pitch __ 6, 600 9, 000 45 
Pine, American Georgia_ 10, 200 12, 000 65 
Pine, long leaf_---___ 7, 750 |----_-. ----|--~----- 
Sycamore _. 6, 000 12, 000 37 
Teak _.... 9, 000 15, 000 61 
Walnut 6, 600 8, 000 38 
Willow _.2. 4,200 |.----~--~-]-------= 
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The crushing strength may be taken at 40% of the tensile strength in the direction 
of the grain and 5% across the grain, except oak, which is 104 across the grain. The 
shearing strength may be taken at 34 of the crushing strength across the grain. These 
ratios are approximate only, but sufficiently exact for field designing. 


10, A rapidly moving load produces about double the stress of an equal quiescent 
load. A concentrated moving load must be considered as applied at the point where 
the greatest strains are produced, usually midway between the supports. 


11. A beam safe against breaking may bend too much under the desired load. The 
maximum allowable deflection in permanent structures is x45 of the span. In mili- 
tary bridges for temporary use, and especially in bridges with floating supports, a 
suvoter deflection is permissible. The factor of safety will geuerally give enough 
stiffness. 


12. Safe loads.—The formula is, 


bd? 4B 
s=Tt%* 3 (A) 
f. 8 
in which 
S = safe load in lbs., uniformly distributed. 
b = breadth 
d= depth of beam, all in ins. - 
i= length m 


R = coeflicient of resistance for the timber used, Table II, column 2. 
Jj. 8. = factor of safety. 
Or, 


R 
S=CXbXp ~ (B) 


in which 


§=safe uniformly distributed load with factor of safety of 5, if timber is 
seasoned, or 4 if timber is green. 
b= breadth of beam in ins. 
C= coefficient from Table III, corresponding to length and depth of beam. 
R=coefficient of resistance of long leaf pine, Table II, column 2. 
R, = coefficient of resistance of timber used, Table II, column 2, 


For concentrated middle load take one-half of S. The quantity bd? for any beam 
will be called its index. The ratio of strength of any beams is the ratio of their 
indexes. 


13. Examples,—Determine the safe uniform load on.a horizontal beam of long- 
leaf pine 3 ins, thick,12 ins. deep, and 20 ft. clear span, factor of safety 5. From 
Formula (A), uniformly distributed safe load § equals 3 X 12 K 12 + 240, multiplied 
by $ of 7,750 divided by 5, equals 3,720 lbs. Safe center load = 3,720 + 2 = 1,860 ibs. 

By Formula (B), uniform safe load § equals 1,240 3 X 7,750 + 7,750 = 3,720, 
as before. Or, for a different wood, as white oak, 8 = 1,240 K 3 & 7,200 + 7,750 
= 3,469, 

Tf various sizes of materials are available, the inverse problem may be used to select 
the size which will give requisite strength with least weight. The ratio of breadth 
and depth must be assumed. 


Example: Determine the size of beam to carry a safe load of 3,750 lbs., uniformly 
distributed over a clear span of 20 ft.; factor of safety, 5; breadth, 14 of depth; ma- 
terial, yellow pine, seasoned. 

From Formula (A), 

yaxe 


10,388 
3,750 = 240 ray: 


5 
whence 
@ = 1,728; d=12; b=Ka=3. 
The beam should be 3 by 12 ins. tal 


150 ENGINEER FIELD MANUAL. 


‘ 


Tasie IIT. 


14. Safe loads in lbs. for long-leaf pine beams, uniformly loaded, and 1 in, in 
width; factor of safety 5; being values of C in Formula (B); authority, U. 8. Dept, 
of Agriculture: 


Depth of beam in ins. (width equals 1 in.). 
Length 
of beam. 


8,370 |___- 
951} 391 | 562|1,000| 1,564] 2,253] 3,068] 4,010 


4 

6 

6 

1 

8 

9 
10 
i 
j2| 230] 359) 517| °917] 1,434] 23067] 2,812] 3,673 | 4,650 
i3| 212} 331] 477| 9847| 15322] 13906] 2,595] 3,390! 4,285 
ja! 197] 308| 442| 787] 1,230] 1,770] 2,408] 3,145 | 3,980 
i5| 184] 297!| 413, 733! 13147] 1,658] 2,250] 2940} 3,720 
ie| 172] 269] 386! 688] 1,074] 1,550] 2,109] 2)753| 3,486 
i7| 162! 253; 364] 647] 1,013] 1,459] 1,984] 2590] 3,280 
ig| 153) 239] 843] 612 956 | 13379] 1,878| 2450] 3,100 
19} 145), 227) 327] 580} 905) 1,305] 1,777| 2,320 }*2,933 
20} 138}° 215] 310] 6507 860] 1,240] 1,689] 2,206] 2,700, 
21} 131} 205) 296} 525 g20 | 1,181| 1,609] 2,100] 2,656 
22} 126} 196; 281} 500 783 | 1,129] 1,536{ 2,005 | 2,535 


15, The effect of seasoning is to increase the strength of timber. Green timber 
has about 20¢ less strength than that shown in the usual tables, and the factor of 
safety may be increased accordingly. Table III, used for green timber, gives the 
factor of safety 4 instead of 5, which will usually be sufficient. 
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TaBLe IV. 


16. Working load in lbs. of pillars of half-seasoned white or common yellow pine, 
firmly-fixed and equally loaded; based on formula of C, Shaler Smith, ©. E., with 
f, 8. of 5: u 


| Side of square pillar in inches. 


Length. 
3. 4. 5. 6. T. 8, 10. 12. 


25,711 | 387,867 | 52,287] 87,420! 180,896 
22,846 | 34,437 | 48,333] $2,860] 125,885 
20,182 | 31,095 | 44,403 | 78,000] 120,413 
17,784 | 27,969 | 40,814 | 78,040] 114,653 
15,682 | 25,108) 37,018 | 68,180 | 108,749 
13,846 | 22,520 | 38,677 | 68,460 | 102,845 
10,894 | .18,836 | 27,878 | 64,680 | 91,382 
8,705 | 15,387) 28,155 | 46,960 | 80,720 
7,063 | 12,221) 19,366] 40,400| 71,136 
5,825 | 10,182] 16,388] 34,900} 62, 726 
4,867} 8,560] 13,914 | 380,260! 55,382 
4,118{ 7,311{ 11,982] 26.400{ 49,046 
3,521 | 6,361| 10,855 | 23,380] 43,574 
3,046 | 5,390] 8,960] 20,440) 38,880 
2,647 | 4,696 | 7,949! 18,120| 34,819 
2,340 | 4,224] 7,040} 16,180] 381,306 
2,074 | 3,763 | 6,259} 14,500] 28,253 
1,850} 3,391] 5,619} 13,060] 25, 603 
1,656} 3,009] 6,094] 11,620{ 23,270 
1,490 | 2,725) 4,582 | 10,740] 21, 254 
1,354 | 2,470/ 4,160] 9,780! 19,469 


When a wooden beam is to bear compression in the direction of the fibers, no matter 
whether vertical, horizontal, or inclined, tis safe load is that given in this table. 

The factor of safety of timber against crusking should be 6 to 8 for important struc- 
tures, and 4 to 6 for temporary ones. 


17, A horizontal beam should have a part of its length equal to its width firmly 
bearing on the support at each end, and more if possible. A pillar can not havea 
greater bearing surface than its end section. Crushing effect may be reduced by in- 
terposing a hard-wood plank or sheet of iron between the end of the beam and its 
support, 
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TABLE V. 


18. Properties of steel I beams; authority, manufacturers’ handbooks, 


¥ 


C = coeff. of strength; max. 
Depth of | wo; Area of sec- 7 Depth of 
ight per ft. a s fiber atrain of 12,500 
bean. tion, min. per sq. in. beam. 

Ins. Lbs. Sq. ine. Lbe, ins. 
15 80. 00 23. 54 799, 200. 15 
15 60. 00 17. 64 598, 400 “16 
15 42.00 12. 25 490, 500 15 
12 40. 00 11.76 341,500 12 
12 31. 50 9.26 299, 000 12 
10 40. 00 11.75 264, 500 10 
10 25, 00 - 134 203, 000 10 

9 35. 00 10.29 207, 000 9 

9 21.00 6.17 157, 200 9 

8 25.50 7.43 142, 700 8 

8 18. 00 5.22 118, 500 8 

7 20.00" 5.88 100, 400 7 

7 15.00 4.42 86, 200 7 

6 17.25 5.07 72,700 6 

6 12. 25 3. 60 60, 500 6 

5 14.75 4, 34 50, 500 5 

5 9.75 2.87 40, 300 5 

4 10.50 3.08 29, 800 4 

4 7.50 2,20 24,900 4 

3 7.50 2.20 16, 200 3 

3 5,50 1.62 13, 800 3 


The coefficient of strength in column 4s the safe load for a span of1 ft., allowing an 
extreme fiber stress of 12,500 lbs. per aq. in. ax is done in bridge work. Forany other 


span 1, divide C by 7 in ft. The quotient W = s equals the safe load in Iba, uni- 
formly distributed. 


In long beams without lateral support, the eafe load must be reduced as follows: 
For a spun 30 times the width of flange, reduction of 10¢ ; 40 times, 20¢ ; 50 times, 304; 
60 times, 40%; 70 times, 50%. 


19. Properties of steel channels; authority, manufacturers’ handbooks: 
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7 C=coeff. for safe load; 
Depth of | Weight | Area of | ‘fiber stress of 12,500 Ibs." 
5 J , 
channel. | per ft. section per sq. in. 
Ins. Lbs. Sq. ins. Lbs... 
15 55.00 16.17 482,100 
15 33.00 9.69 345, 800 
12 40.00 4.76 278, 500 
12 20.50 6 02 177, 900 
10 35. 00 10. 29 193, 200 
10 16. 00 4,41 111, 00 
9 25.00 7.35 180, 800 
9 18. 25 8.89 87, 600 
8 21. 25 6.25 100, 000 
8 11. 25 3.31 67, 300 
7 19.75 6.79 78, 800 
7 9.75 2. 85 50, 200 
6 15.50 4,56 54, 500 
6 8.00 2.35 36, 100 
5 11.50 3,38 34, 800 
5 6.50 1.91 24, 600 
4 7.25 2.13 19, 000 
4 §, 25 1,54 15, 600 
3 6.00 1.76 11, 400. 
3 4.00 1,18 8, 900 
pee eh Sees 
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The safe uniform load in Ibs. is the quantity in last col. divided by the length of 


span in ft. 


19a, Properties of steel Z bars; authority, manufacturers’ handhooka. 


ADDENDUM, 1907. 


Tasrye Via. 


‘ 


7 C = coeff. for safe load; 
Depth of | Weight | Area of | shor stress of 12,000 Ibs. 
: ‘ i é 

Z bar. per ft. section. per aq. in. 

Ins. Lbs. Sq. ins. Iba, 

6 15.0 4.59 67,500 

6 22.7 6. 68 92, 400 

6 29.3 8.63 112, 300 

5 11.6 3.40 42,700 

6 ‘17 8 5.25 61,400 

5 23.7 6.96 76, 800 

4 8.2 2.41 25, 100 

4 13.8 4.05 38, 600 . 

4 18.9 5.55 48, 4Q0 

8 6.7 1.97 16, 400 

3 9.7 2. 86 20, 600 

3 12.6 3. 69 24, 500 


| 
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TasLe VII. 


20. Dimensions and widths of angles of equal legs: 


Size. Thickness. | Weight per ft. 
Tns. In. Lbs. 
6 x6 8% 14.8 
64 x 64 i! 35.9 
x5 2 12.3 
5% x 5% 48 29.4 
4x4 fp 8.2 
434 x 4 4 18.6 
344 x 344 3s 7.1 
3% x 394 13.7 
3x3 8.6 
mim | | Es 
x a ic 
a X 2! G 1.8 
Boris x 2.7 
Oe x 2% 4 5.4 
2 x2 Py 2.5 
Df, x 2 4.8 
yi “p 2.1 
138 x 138 % 41 
bg x1 % 1.2 
194 x1 % 3.5 
gx Z 1.0 
1 x1 2.0 
1%x1 
Voxt y 0.8 


i 


21. Average ultimate tensile strength in lbs. per aq. in, of various metals: 


Brass wire, unannealed or hard_____ 80, 000 
Brass wire, annealed __... 63, 000 
Gopper bolts__.- 33, 000 
Copper wire, hard or unannealed ... 60, 000 
Copper wire, annealed __ 32, 000 ; 
Cast iron, ordinary pig 14,500 
Iron, wrought ~._-__ 45, 000 
Iron wire, annealed_______ 45, 000 
Tron wire, unannealed or hard______ 75, 000 
{ron-wire rope, per sq. in. of section of rope__ 38, 000 
Phosphor-bronze wire, hard “150, 000 
Phosphor-bronze wire, annealed 63, 000 


Steel wire, soft___.._._____ 68, 000 


Steel wire, medium 76, 000 
Steel wire, hard__ 85, 000 
Steel, rivet ____ 55, 000 
Steel, cast 60, 000 


FASTENING MATERIALS. 


22. Rope and wire.—Much confusion is caused by two methods in common use 
to denote the sizeof rope. In marine use it is indicated by the circumference in ins,; 
on land the practice is not uniform, but the use of the diam. in ins. is prevalent. 
The former method is used by manufacturers and is correct asa matterof fact. The 
same rope is called 3-in. or 1-in. by the two systems. It is practically 3 ins. in cire., 
but only approximately 1 in. in diam, It is better to state which dimension is used. 


BRIDGES. 165 


The strength of hemp and jute rope varies; pieces from the same coil differ as 
Inuch as 25%. Rope made from manila hempis the best. Other hemp, sisal, and jute 
ropesare very unreliable in strength. Tarring rope increases its weight and lessens 
its strength, but adds to its durability. Use and exposure weaken rope 20% to 50%in 
afew months. Ropes shorten when wet and lengthen when dry. 


TasizE VIII. 
23. Dimensions, weight, and strength of Manila rope: 


P . Proper working load 
Diam. Circ. bia yy Breaking load. | depending upon age 
Pp 7 and condition. 
Ins. Ins. Lbs. Lbs. 
0. 32 1 3.3 730 120—390 
0. 48 1% 7.4 1,600 250-—800 
0. 64 2 13.2 2',730 350—1, 300 
0. 80 2% 20.6 4,300 600—2, 000 
0. 96 3 29.7 6, 100 900—2, 800 
1.11 34 40.4 8,500 1, 100—4, 000 
1,27 4 52.8 11, 600 1, 500—5, 000 
1.43 4% 66.8 15, 000 2, 000—6, 500 
1.59 5 82.5 18, 400 2, 600—8, 000 
1.75 5% 99.8 22, 000 3, 000—10, 000 
1.91 6 119 25, 500 3, 500—11, 500 
2.07 6144 139 29, 100 4, 000—13, 000 
2.23 7 162 32,700 4, 600—15, 000 
2.39 TY, 186 36, 300 5, 000—16, 000 


Up to 5 ins. circ. rope is made in coils of 1,200 ft. each. 


‘24, Ordinary wire rope is composed of 6 strands, each containing 7 or 19 wires, laid 
‘up about a hemp or wire strand center. Rope with hemp center is more flexible 
than that with a wire center. The 19-wire rope with hemp center is better adapted 
to power transmission; the 7-wire rope is used for standing rigging, as derrick guys 
and other purposes where frequent bending is not involved. 


The safe load on wire ropes is from } to } of the breaking load. 
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TABLE IX. 


25. Dimensions, weight, and strength of hoisting rope, hemp center, 6 
strands, of 19 wires each: 


Circ. of new 
Strength. manila rope of 
equal strength, 
; . Wt. per 
Diam. | Cire. 100 ft. Cast steel. Tron. 
aN et ee ST To 
Brkg. | Wrxg. Brkg, | Wrkg, | Steel. | iron. 
load. load. load. load. 
Ins Ins. | Lbs, Lbs. Lbe. Lbs. Lbs. 
1% 23 9, 000 1, 750 5, 000 750 
14 | 39{ 15,000; 3,000] 6,960] 1,250 
a 60} 28,000 6,000} 10,260 2,500 


24 | 88 | 36,000} 7,000} 17,280) 3,500 
$21 120) 50,000] 10,000] 237000! 5,000 
#21 158| 68,000] 12,000] 32,000] 6,000 
4 250 | 104,000 | 20,000 54,000 | 11,000 
44 | 365 | 154,000 | $0,000 | 78,000 | _ 16, 000 

32 | 595 | 2127000} 42,000] 108,000] 22/000 
634 | 630] 250,000 | 50,000 130,000} 26,000 


BGR CRAG: 
nm 


Ret tet 
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26. Dimensions, weight, and strength of transmission or standing rope, 
hemp center, 6 strands, of 7 wires each; authority, manufacturers’ handbooks: 


Circ. of new. 
Strength. manila rope of 
equal strength, 
’ 7 Wt. per’ = 
Diam. | Cire. | 106 ft. Cast steel. Iron, 
eco Se 5 TO To 
Brig. | wrkg. | Brkg. | Wrkg. | *eel | from. 
stress. stress. stress. stress. 
Ins. Ins. Lbs. Lbs. Lbs. Lbs. Lbs. 
| %| wl 5,500} 1,950] 2,080 333 
1 is | 6,000] 1,500] 2) 760 500 
1 21| 8,000! 1,750] 3,300 667 
144; 31| 12000] 23500) 5,660) 1,500 
6% 2 37 | 22,000!  4000| 11,600] 3,000 
% 2% | 92] 34,000] 7,000] 18,000] 4,500 
4 24 112! 44’000| 9,000] 247600 — 6,000 
1 3 150 | 60,000] 12,000 32,000] —_ 8,000 
1 4 228 | 88,000] 18,000 50,000| 12,500 
134 | 43,| 337] 124,000| 26,000] 72,000 | 18,000 


To preserve wire rope, cover it thoroughly with raw linseed oil, or a paint of equal 
parts of linseed oil and lampblack. : ’ 
* Galvanized-wire rope as commonly sold is a cheaper grade of rope, laid up in 6 
strands of 7 or 12 wires each. Its breaking strength is slightly less than that of 
iron rope given ju the table. 
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27. Wire-rope fittings.—There are two methods of making attachments to , 
wire rope, by use of the thimble, figs. 1-and 2, and the socket, figs. 3, 4, 5, and 6. 
Cables are secured in three ways. 


(«) Bend the rope around the thimble and fasten it with clips, fig. 1. 


(b) Unlay the wire for a short distance at the end of the rope; bend the rope 
around the thimble; lay the straightened wires snugly about the main portion of the 
rope and serve with annealed wire, bending back the ends of the wires projecting 
beyond the wrappings, fig. 2. 


(c) Interlock the strands in a splice and serve with wire (not illustrated). 


Of these three methods the first is most used on engineering constructions; but is 
not adapted to field use, as a great many clips must be used for security, and they 
are heavy. The third method requires an expert rigger who may not be available. 
The gecond method will be found more generally useful. In emergencies where the 
value of the rope is negligible, wire rope of 134 ins. diameter, or less, can be 
knotted very much like manila rope. The part used for such fastenings can not 
be used again. 


Sockets are used for ropes too large to be bent around a thimble, For smaller rope 
they present a neat appearance and are convenient to handle. The end of the rope 
is passed through the neck of the socket; and tho wires age then opened out fora 
distance at the ends equal to about twice the length of the neck, the rope having 
first been served at the point to which the unlaying extends, fig.5. Some of the 
wires are trimmed off to shorter length, and all of them bent back upon themselves 
hook fashion, go that the resulting bunch will conform as nearly as possible to the 
conical shape of the socket, fig. 5. The bunch is then drawn back into the socket, 
a conical plug driven into the center spreading out the wires tightly against the 
sides of the socket, and the whole cemented with Babbitt metal or solder, fig. 6. 
For ropes made with large stiff wire, the ends are simply straightened out and the 
interstices filled with narrow tapering pins or wedges. Socket fastenings can not be 
securely made in the field and should not be relied upon without testing Their 
weight is also an objection for field use. 


28. Wire.—Is put up in coils of 80 to 100 lbs. each. Galvanized wire is coated 
with zinc, which retards oxidation, but is in every other respect objectionable. It 
increases weight, while reducing strength. Wire not galvanized is known commer- 
cially as black. 


An important distinction is between annealed and unannealed wire, also known as 
hard and soft, The advantages of annealing are increase in flexibility and ductility. 
The disadvantage is a decrease of 20 to 25% in strength. Unannealed wire is very dif- 
ficnlt to handle, and if allowed to kink, all the advantage of strength, and more, too, 
is lost, For general indeterminate use, annealed wire is best, 


TaBLe XI. 


29. Size, weight, and strength of black charcoal iron wire; authority, 
Trenton Iron Company; the sizes of corresponding numbers are those of the Trenton 
Tron Company, and are almost identical with the ‘‘ new British W. gauge’’: 


5 Lin. ft, to Approximate 
No, Diam. the lb. tensile strength. 


In. Lbs. 
6 0. 1900 10, 453 2,476 
7 0.1750 12, 322 2,136 
8 0. 1600 14, 736 1, 813 
9 0.1450 17. 950 1, 507 
10 0. 1300 22. 333 1, 233 
1 0.1176 - 27, 340 1,010 


12 0, 1050 34,219 810 
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If the quality of the wire is not known, the t. s. in the table should be reduced bg. 
For soft Bessemer steel wire, they may he increased 104. ‘ 

Wire should always be taken from the outside of the coil, by placing the coil on an. 
axle or red and walking away with the end, or by holding the outer end and rolling: 
the coil along the ground. ‘ 


30. Chains are designated by the diameter of the rod from which the links are. 
made, as 34 in., 1 in., ete. 

Also by the form of the link, as close link, in which one link is just large enough: 
to inclose the two adjacent ones, fig. 8; open link, in which the link is larger than 
in close link, fig. 7; bar chain, which consists.of open links with a bar across the: 
middle of each; and twisted link, fig. 9, in which each link is twisted through a. 
certain angle, usually 90°, and straight or flat link, figs. 7 and 8, which is not so, 
‘wisted. 


Chain is also galvanized or black, the latter most used. 


Tabriz XII. 


31. Size, weight, and strength of iron chains; authority, Trantwine; strength 
taken at 1.4 that of the, rod of which the links are made. © 


Size of Breaking Size Breakin; 
chain. | * Wt. per ft. strain. of chain, |* Wt per ft.) - teat 
Tn. Lbs Lbs. Ins. Lbs, Lbs. 

a 0.8 3,069 % 8.0 37,632 
L7 6,922 1 10.7 49,280 
2.5 12,320 % 12.5 59.226 
6% 43 19-219 iy 16.0 73114 
54 5.8 27,687 1% 21.7 105,280 


*Weights given are for close link. Open link will weigh less. 


32. Serving.—On wire or manila rope and with wire or marlin, serving is best 
done as indicated in fig. 17. Provide a bar, A, 18 ins. to 24 ins. long, smooth and 
rounded, with cross pins 6b near one end, the outer one removable, to form a reel. 
for the coil of serving wire C. : 


Lay the free end of the wire along the rope from the point B, where the serving is: 
to end, to the point OC, where it is to begin; make a short bend at the latter and pass. 
the wire twice around the rope over the straight part, half around the bar, around 
the rope in the opposite direction, and place the coil between the pins, as shown. 
Rotate the bar around the rope, keeping the following turns close together and the” 
leading turn as taut as may be necessary to get the proper tension. When the fol- 
lowing turn has reached B, cut off the wire and twist its end with the end of the. 
straight wire, coming out from under the turns, 


33. Driftbolts, spikes, nails, und wooden pins or freenaile are used for fastening 
together parts of wooden frames or structures. For driftbolts and treenails, a hole 
ia first bored of slightly less diameter than the bolt or pin. Fastenings of this sort 
depend-upon friction to hold together the parts that are joined. Design jointa to 
avoid as far as possible a heavy dhearing stress on the fastenings. 

Driftbolts are iron bars of square or circular cross section, headed more or less at 
one end and bluntly pointed at the other. The head is often omitted, as a small one 
is made in driving. All holts, spikes, and nails should be of such length that when 
driven the point will rest in solid wood. : 


Military Bridges. 
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TaBLe XIII. 


34, Dimensions and weights of driftbolts: 


eee 
Square section, side. Round section, diam. 
Length. 
84 in. Lin. 34 in. Lin. 
Ins. Lbs. Lbs. Lbs. Lbs. 
18 2.9 5.1 2.3 4.0 
20 3.2 5.7 2.5 4.4 
22 3.5 6.2 2.8 4,9 
24 3.8 6.8 3.0 5.4 
26 4.1 7.3 3.3 6.8 


35. Wood joints may.also be secured with screw bolts or lag screws, 


Screw bolts are of round iron with square heads forged at one end and standard 
screw threads cut on the other. Nuts should be square, with a thickness equal to 
the diam. of the bolt and a side equal to twice the diam. Cast-iron washers should 
be placed under the nut, and under the head also if the timber is soft. 


Lag screws are large gimlet-pointed wood screws with sq. heads to be turned 
with a wrench instead of a screw-driver. The timber next to the head should be 
bored the full size of the shank; the rest of the hole should be smaller, and its total 
length somewhat less than that of the screw. Wrought-iron washers should be 
placed under the head. i 


TaBLE XIV. 


36. Dimensions and approximate weights of screw bolts in pounds, including 
sq. head and nut: 


Diameter. 
Length 
under head. ; 

% in. 5% in. 34 in, % in. lin. 

Ins. Tbs. Lbs. 

6 0.69 1.01 

1 0. 64 1.10 

8 0.70 1.19 

9 0.75 1.27 
10 0.81 1.36 2. 3.06 4,23 
1 0. 86 1,44 2, 22 8.22 4,45 
12 0,92 1.53 2. 35 3.39 4, 67 
13 0.97 1.62 2.47 3.55 4, 89 
14 1, 03 1.70 2.59 3.72 §.11 
15 1. 08 1.79 2.72 8, 89 5,34 
16 1.87 2, 84 4.06 5.56 
17 1,96 2.97 4, 23 6.78 
18 2.05 y 3.09 4,40 6,00 
19 a 3.21 4.57 6,22 
20 2 3.84 4 4,74 6.44 
21 a 3. 46 4.90 6.66 
22 2 3.59 5.07 6, 88 
23 a 3.71 5.24 7.10 
DAR Ns ee ee Pia ele 3.83 6.41 7,32 
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TaBle XV. 


37. Dimensions and weights of wrought-iron washers: 


Diam. of Diam. of Diam. of Thickness, : ‘ F 
lag screw. washer. hole. wire gauge. No: in'150 Ibs.) Weight of one. 
In. Ins. In, Lb, 
18 f No. 12 4, 600 0. 0333 
is 18 i No. 10 2) 500 0. 0600 
33 +8 No, 10 1, 600 0. 0938 
Taste XVI. 


38. Dimensions of steel-wire nails and approximate number per pound, etc.: 


Common. * Number per pound. 
Sizes. Diam. Length. 
Com- 7 ‘ . ‘ 
on Fencing.| Box. |Flooring.| Sbingle, 
B.W.G) In. 
Ins. 

2d. 15 0. 072 1 

30. 14 0, 083 1% 

4d, 1244) 0.102 1 

bd. | 1244) 0. 102 14 

6a. nl 0.115 2 

id. | 1144) 0.115 2 

8d. 1064) 0,124 b5¥4 

gd. | 1084 0.124 282 
10d. 9 0. 148 3 
12d. 9 | 0.148 ay 
16d. 8 0.165 3% 
20d. 6 | 0.208 4 
30d. 5 0. 220 4t4 
40d, 4 0. 238 5 
60d. 3 0. 259 54% 
60d. 2 0. 284 6 


87626-0911 
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TaBLe XVII. 
39. Dimensions of miscellaneous steel=-wire nails and approximate number 
per pound. ; 
: Lengths, inches. ~ 
ies] 
Z| 4g l 
ie AZ | % |284-]284.| 284. 3Y.| 4. 1444) 5.1 6.) 7. |] 8. | 9. flotinlie. 
In. 
00 | 0.380 | 20 | 18 | 16 | 15 | 14] 12} lO 9 8 7 6 5 4/4/37] 8 
8% | 0.375 | 20 | 18] 16] 15 | 14] 12/10) 9 8 7 6) 54 414/38] 3 
0 | 0.340 | 21 | 19 | 17 | 16} 15 | 13 | 11 | 10 9 8 7 5 5/4/41] 3 
sg | 0.313 | 28 | 25 | 23 | 21 | 19] 16 | 14] 13] 11 | 10 8 7 6/6)5] 4 
2 | 0,284 | 32 | 29 | 26 | 24 | 22 | I9 | 16] 14] 13] 11 9 8 7/6/)6) 5 
3 | 0,259 | 38 | 34 | 30 | 28 | 25 | 22 | 19] 17] 15] 138411) 10] 8) 7 ft 
4 | 0.238 | 45 | 40 | 36 | 33 | 30 | 26 | 23 | 20) 18/15} 13] 11/10; 9}. 
5 | 0.220 | 53 | 47 | 42 | 39 | 35 | 30 15 laze 
6 | 0.203 | 62 | 55 | 50 18 
7 | 0.180 | 75 | 67 | 60 eee 
8 | 0.165 | 86 | 76 | 69 
9 | 0.148 [103 | 92 | 82 
10 | 0.134 124 |110 | 99 
11 | 0.120 157 139 125 
12 | 0.109 204 182 164 
13 | 0.095 |268 /238 214 
14 | 0.083 /350 [315 (284 
16 | 0.072 |488 [389 |850 


Taste XVIII. 


40. Dimensions of sq. boat spikes and approximate number in a keg of 200 


Ibs.: 
Length of spike, inches. 
Size. 
3. 4, 5. 6. 7 8. 9 

In. 

Y | 3,000 | 2,375 

5 1,660 | 1,380 

44 13320 | 13140 
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TaBLE XIX. : 


41. Dimensions of railroad spikes: 


. Quantity of spikes per mile 
Size measured un- ee io of single track. Rail used, 
der head. 200 B °S| Ties 2 ft. c. to c., 4 spikes weight per yard. 
8. : 
per tie. 

Ins. * Lbs, Kgs. Tbe. 
54x 54 300. 7,040 35% 75—100 
552 x Pe 375 5,870 294 45— 75 
5° x fi 400 5, 170 26 40— 56 
5 x 450 4, 660 2314 35— 40 
44x ‘4 530 3,960 20 30— 35 
4° x% 600 3,520 17% 25— 35 
4yxie 680 3,110 152 20— 30 
4 x3 720 2,910 1434 20— 30 
3) xX 900 2, 350 lt. 16— 25 
4 x 1, 000- 2,090 10% 16—- 25 
344 x % 1,190 1, 780 9 16—- 20 
3 x % 1, 240 1,710 8% 16— 20 
24x $4 1, 342 1,575 A 8— 16 


42. Joints in metal are made with screw bolts already described, or with rivets. 
With bolts the holes should come fair when the pieces are assembled and the bolt 
should fit snugly in the hole; abutting surfaces sbould be well painted before assem- 
bling to exclude moisture. Ina riveted joints it is equally important that the holes 
come fair, but the rivet should fit loosely in the hole. Bolted joints are much more 
conveniently made, especially in the field, but they have less strength than the 
viveted ones. 


Joints in metal are most frequently made by the use of auxiliary pieces such as 
bull straps, angle plates, gusset plates, angle irons, etc. Some common forms are shown 
in figs. 10 to 15. 


43, Felling trees.—1f convenient, arrange for the tree to fall in the direction of 
its natural inclination. If it be necessary to fell in another direction, use ropes to 
pull the tree partly over before the cutting is finished. Commence cutting with the 
axe on the side toward which the tree is to fall ; cut as far as the center of the tree or 
@ little beyond, as in fig. 16; then change to the opposite side and commence cutting 
slightly above the former cut, continuing until the tree falls. If experienced axmen 
be lacking, bctter results can be obtained with crosscut saws. Cut from the falling 
side until the saw begins to jamb, then cut from the other side uutil the tree falls. 
Both saw and ax may be used. 


44, Praming.—The following methods are applicable to joining the sills and caps 
to the posts of wooden trestles: 

By driftbolts, fig. 33, two through the foot of each post into the sill, and one through 
tbe cap into the post. 

By using split caps and sills, figs.31 and 32. Instead of a single stick of timber, two 
pieces of half the width are used. For example, a 12 by 12 in. cap or sill is replaced 
by two 6 by 12 in. sticks. A tenon 3 to 6 in. thick and the full width of the post is 
made on its top. One of the cap or sill pieces is placed ou each side of the tenon 
and held in place by bolts at each post. 

By jish plates and bolts, as in fig. 37. 


Figs. 18 to 30 show various useful forme of joints. 


164 ENGINEER FIELD MANUAL, 


KNOTS. 


45. The following knots are most useful in bridging: 


Overhand knot, fig. 38a, used at the end of a rope to prevent unreeving or to prevent 
the ond of the rope from slipping through a block. 


Figure-of-eight knot, fig. 38b, used for purposes similar to above. 


Square or reef knot, fig. 38, commonly used for joining two ropes of the same size, 
The standing and running parts of each rope must pass through the loop of the 
other in the same direction, i. e., from above downward or vice versa; otherwise o 
granny, fig. 39, is made, which is a useless Knot that will not hold. The reef knot 
can be upset by taking one end of the rope and its standing part and pulling them in 
opposite directions. With dry rope a reef knot is as strong as the rope; with wet 
rope it slips before the rope breaks, while a double sheet bend is found to hold. 


The thief knot, fig. 40, commonly mistaken for a reef knot, should be avoided as it 
will not hold. The figure shows that the end of each rope turns around the standing 
part instead of around the end of the other, as in a reef knot. 


Single sheet bend, weaver’s knot, fig. 41, used for joining ropes together, especially 
when unequal in size. It is more secure than the reef knot but more difficult to 
untie. 


Double sheet bend, fig. 42, used also for fastening ropes of unequal sizes, especially 
wet ones, and is more secure than the single sheet bend, 


Two half hitches, fig. 43, especially useful for belaying, or making fast the end of a 
rope round its owo standing part. The end may be lashed down or seized to the 
standing part with @ piece of spun yarn; thia adds to ita security and prevents 
slipping. 

This knot should never he used for hoisting a spar. 


Round turn and two half hitches, fig. 44, like the preceding except that a turn is first 
taken round the spar or post, , 4 


Fisherman's bend or anchor knot, fig. 45, used for fastening a rope to a ring or anchor. 
Take two turns round the iron, then a half hitch round the standing part and between 
the rings aud the turns, lastly a half hitch round the standing part. 


Clove hitch, fig. 46, generally used for fastening a rope at right angles to a spar or 
at the commencement of a lashing. If the end of the spar is free, the hitch is made 
by first forming two loops, as in fig. 47, placing the right-hand loop over the other 
one and slipping the double loop (fig. 48) over the end of the spar. If this can not 
be done, pass the end of the rope round the spar, bring it up to the right of the 
standing part, cross over the latter, make another turn round the spar, and bring 
up the end between the spar, the last turn, and the standing part, fig. 49. When 
used for securing guys to sheer legs, etc., the knot should be made with a long end, 
which is formed into two half hitches round the standing part and secured to it with 
spun yarn. 

Timber hitch, fig. 50, used for hauling and lifting spars. It can easily be loosed 
when the strain is taken off, but will not slip under a pull. When used for hauling 
spars, @ half hitch is added near the end of the spar, fig. 51. 


Telegraph hitch, fig. 52, used for hoisting or hauling a spar. 


Hawser bend, fig. 63, used for joining two large cables. Each end: {s seized to its 
own standing part. 

Bowline, fig. 54, forms a loop that will not slip. Make loop with the standing part 
of the rope underneath, pass the end from below through the loop, over the part 
round the standing part of the rope, and then down through the loop c.. The length 
of bight depends upon the purpose for which the knot is required. 

Bowline on a bight, fig. 55. The first part is made like the above, with the double 
part of a rope; then the bight a is pulled through sufficiently to allow it to be bent 
past d and come up in the position shown. It makes a more comfortable sling for 
@ man than a single bight. 

Running bowline, fig. 56. 

To sling a barrel or box horizontally, fig. 57, make a bowline with a long bight 
and apply it as shown, 


Military Bridges. 18-37. 


ia 


Fig. 18. Fig. 19. Fig. 20. Fig. 21. 


Fig, 24. 


Fig.29. Fig.30. Fig. 31. 


165 


a , SOM Asay 
+ ERE, ca 
Sgn hs 
'S, s 


Trea 


saaddads 
an oe 
Rrrerensesys 


Saunt 


itary Bridges. 


M 


| 


ey 
KES SSSaaS SSeS 
SS FEERRERER EET 


(g: 38, 


Fi 
Square or 
Reef. 


ig. 42. 
4) Double Sheet 


Fi 


t Bend 


41. 


Fig. 
ingle Shee 


Clove hitch, 


46, 


Fig. 


isherman’s 
Bend or 
chor knot. 


Clove.zhitch. 


"pp Bly 


Es 
riubell7 HEV EGA 
Os £7 
xg? 


166 


_ Military Bridges. 50-56, 


Rey 


sr 
< 
dS 


2 
a 
<= 
4 
¢- 
bo 
2 
o 
= 
o 
wy 
eo 
& 


167 


Military Bridges. 57-62, 


Fig.57, Sting tor barrel horizontal, Fig, 58, 
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Fig. 63, Blackwall Hitch. 


Fig. 64. Mooring Knot. 


Fig. 65. 
Carrick Bend. 


Crown on Wall. 


Military Bridges. 70-76 A. 


Fig.72. Short Splice. 


Fig. 75a, Fig.76. Fig.76a. 
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To sling a barrel vertically, fig. 58, make an overhand knot on top of the two 
parts of the rope; open out the knot and slip each half of it down the sides of the 
cask; secure with a bowline. 


Cat’s-paw, figs. 59 and 60. Form two equal bights, as in fig. 69; take one in each 
band and roll them along the standing part till surrounded by three turns of the 
standing part; then bring both loops (or bights) together and pass over the hook of 
a block, as in fig. 60, where the book is shown moused with yarn. 


Sheep shank, fig. 61, used for shortening a rope or to pass by a weak spot; a half 
hitch is taken with the standing parts around the bights. 


Rolling hitch, fig. 62, used for hauling a larger rope or cable.. Two turns are taken 
round the jarge rope in the direction in which it is to be hauled and one half hitch 
on the other side of the hauling part. A useful knot and quickly made. 


For armored cable, or wet manila rope, the hitch must be made with a strap of 
rope yarn, fig. 86. Rope will not hold, 


i: or el hitch, fig. 63, used for attaching a single rope to a hook of a block for 
oisting. 


Mooring knot, fig. 64, Take two turns round the mooring or snubbing post, pass 
the free end of the rope under the standing part; take a third turn above the other 
and pass the free end between the two upper turns. 


Carrick bend, fig. 65, much used for hawsers and to fasten guys to derricks. 
Wall knot, figs. 66 and 67, and 


Crown on wall, figs. 68 and 69; both used for finishing off the ends of ropes to pre- 
vent unstranding, 


To make a short splice, figs. 70, 71, and 72, unlay the strands of each rope for a 
convenient length. Bring the rope ends together so that each strand of one rope 
lies between the two consecutive strands of the other rope. Draw the strands of the 
first rope along the second and grasp with one hand. Then work a free strand of 
the second rope over the nearest strand of the first rope and under the second strand, 
working in a direction opposite to the twist of the rope. The same operation applied 
to all the strands will give the result shown by fig. 71. The splicing may be con- 
tinued in the same manner to any extent (fig. 72) and the free ends of the strands 
TInay be cut off when desired. The splice may be neatly tapered by cutting out a 
few fibers from each strand each time it is passed through the rope. Rolling under 
a board or the foot will make the splice compact. 


Long splice (figs. 73, 74).—Unlay the strands of each rope for a convenient length 
and bring together as for a short splice. Unlay to any desired length a strand, d, of 
one rope, laying in its place the nearest strand, a, of the other rope. Repeat the 
operation in the opposite direction with two other strands, c and f. Fig. 74 shows 
strands ¢ and f secured by tying together. Strands 6 and e are shown secured by 
unlaying half of each for a suitable length and laying half of the other in place of the 
unplayed portions, the loose ends being passed through the rope. This splice is used 
when the rope is to run through a block. The diameter of the rope is not enlarged 
at the splice, The ends of the strands should not be trimmed off close until the 
splice has been thoroughly stretched by work. 


Eye splice (figs. 75, Tha, 76, 76a).—Unlay a convenient length of rope. Pass one 
loose strand, a, ‘under one strand of the rope, as shown in fig. 75, forming an eye of 
the proper size. Pass a second loose strand, 6, under the strand of the rope next to 
the strand which secures a, fig. 75a. Pass the third strand, ¢, under the strand next 
to that which secures b, fig. 76. Draw all taut aud continue and complete as for a 
short splice. 


LASHINGS, 


46. To lash a transom to an upright spar, fig. T7, transom in front of upright.—A 
clove hitch is made round the upright a few inches below the transom, The lashing 
is brought under the transom, up in front of it, horizontally behind the upright, 
down in front of the transom, and back behind the upright at the leyel of the bottom 
of the transom and above the clove hitch. The following turns are kept outside the 
previous ones on one spar and inside on the other, not riding over the turns already 
made, Four turns or more are required, A couple of frapping turns are then taken 
between the spars, around the lashing, and the lashing is finished off either round 
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one of the spars or any part of the lashing through which the rope can be passed, 

The final clove hitch should never be made around the spar on the side toward 

which the stress is to come, as it may jam, and be difficult to remove. The lash- 

ing must be well beaten with handspike or pick handle totightenitup, This iscalled , 
a square lashing. 


47. Lashing for a pair of shears, fig. 78.—The two spars for the shears are laid 
alongside of each other with their butts on the ground, the points below where the 
lashing is to be resting on a skid. A clove hitch is made round one spar and the 
lashing taken loosely eight or nine times atput the two spars above it without riding, 
A couple of frapping turns are then taken between the spars and the lashing is fin- 
ished off with a clove hitch above the turns on one of the spars. - The butts of the 
spars are then opened out and a sling passed over the fork, to which the block ig 
hooked or lashed, and fore and back guys are made fast with clove hitches to the 
bottom and top spars, respectively, just above the fork, fig. 79. 


48. To lash three spars together as for a@ gin or tripod.—Mark on éach spar the dis- 
tance from the butt to the center of the lashing. Lay two of the spars parallel to 
each other with an interval a little greater than the diameter. Rest their tips ona 
skid and lay the third spar between them with its butt in the opposite direction so 
that the marks on the three spars will bein line. Make a clove hitch on one of the 
outer spars below the lashing and take eight or nine loose turns around the three, as 
shown in fig. 80. Take a couple of frapping turns between each pair of spars in 
succession and finish with a clove hitch on the central spar above the lashing. Pass 
a sling over the lashing and the tripod is ready for raising. 


49. Holdfasts.—To prepare a fastening in the ground for the attachment of guys’ 
or purchases, stout pickets are driven into the ground one behind the otber, in the 
line of pull. The head of each picket except the last is secured by a lashing to the 
foot of the picket next behind, fig. 81. The lashings are tightened by rack sticks, 
the points of which are driven into the ground to hold them in position. The 
distance between the stakes should be several times the height of the stake above 
the gronnd. : 

Another form requiring more labor but having much greater strength is called a 
‘+ deadman,”’ and consists of a log laid in a transverse trench with an inclined trench 
intersecting it at its middle point. The cable fs passed down the inclined trench, 
takes several round turns on the log, and is fastened to it by half hitches and marlin 
stopping, figs. 82, 83, and 84. If the cable is to lead horizontally or inclined down- 
ward, it should pass over a Jog at the outlet of the inclined trench, fig. 83. If the 
cable is to lead upward, this log is not necessary, but the anchor log must be buried 

eeper. : 


BLOCKS AND TACKLES. 


50, The parts of a block are the shell or frame, the sheave or wheel upon which the 
rope runs, and the pin npon which the wheel turns in the shell. A strap of iron or 
rope passes around the shell and forms attachments for a hook at one end and an eye 
at the other; see figs. 85, 86, 87, and 88. 

Blocks are also made entirely of metal, in which the strap is replaced by bolts, fig. 89. 

Blocks are designated by the length of the shell in inches and by the number of 
their sheaves, Those with one, two, three, and four sheaves are called single, double, 
triple, and quadruple. The largest rope a wooden block will take has a circumference 
equal to one-third the length of the shell. Self-lubricating blocks may be obtained 
and are to be preferred. 

A snatch block ia a single block with the shell and strap open at one side to admit 4 
rope without passing the end through, fig. 90. 

A running block is attached to the object to be moved; a standing block is fixed to 
some permanent support, figs. 94, 95, and 96. A simple tackle consists of one or more 
blocks rove with a single rope or fall. The end of the fall fixed in the tackle is called 
the standing end; the other is the running end. . Each part of the fall between the 
two blocks, or between either end and the block, is called a return. 

To overhaul is to separate the blocks; to round in, to bring them closer together. 
When the blocks are in contact the fall is said to be checkablock. 
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A whip is a single fixed block and fall; it gives no increase of power. A whip on 
a whip, fig. 98, doubles its power. 


A luff tackle consists of a single and a double block, either fixed or movable, fig. 94, 


A gun tackle consists of a double and a single block, the standing end attached to 
the fixed block, fig. 95, 


GENERAL NOTES ON BRIDGE DESIGN. 


51. When frequent supports can be obtained, the floor aystem, consisting of longi- 
tudinal beams and cross planking, or their equivalents, rests directly on piers, This 
method of construction. should be adopted whenever practicable. If long spans are 
necessary, the floor system must be sustained by cantilevers, trusses, arches, or cables 
resting on the supports and forming cantilever, truss, arched, or suspension bridges, 


52, A roadway 9 ft. wide in the clear should be provided to pass infantry in fours, 
cavalry two abreast, and military wagons in one direction; a width of 6 ft, will suf- 
fice for infantry in column of twos, cavalry in single file, and field guns passed over 
by hand. 


The clear width of roadway of an ordinary highway bridge should not be less than 
12 ft. for single track, or 20 ft. for double track. 


The clear head room in ordinary military bridges should not be less than 9 ft. for 
wagons and cavalry; for highway bridges not less than 14 ft, 


Ramps at the ends of a bridge, if intended for artillery, should not be steeper than 
lon’. For animals, slopes steeper than 1 on 10 are inconvenient. 


If the bridges are high, hand rails should be provided. A single rope may suffice, 
or it may have brush placed upon it to form a screen. 


A guard rail should be provided along each side of the roadway, near the ends of 
the flooring planks. In hasty bridges it may be secured by a lashing or lashings 
through the planking to the stringer underneath. Otherwise it may be fastened 
with spikes or bolts. 


63. Examples of improvised short-span military bridges: ~ 


Trussed ladder bridge.—A ladder may be used as a bridge by placing .it on its edge, 
thus forming a kind of trussed beam. A portable bridge of this kind was used in 
China in 1860 for crossing canals. Two beams 24 ft. long were formed out of four 
scaling ladders, each 12 ft. long, by lashing them in pairs end to end, with planks 
3 ft, long covering the junctions. The beams so made were laid across the canal, set 
on edge in grooves cut into the bank. Planks 4 ft. long were laid across from beam 
to heam to form the roadway, fig. 99. 

This bridge, 24 ft. long, was laid and crossed in a quarter of an hour. Its total 
weight was 750 lbs., or 31 lbs. per ft. It was crossed by half a company of infen- 
try, two abreast, files well closed and in step. 


The ladder beam may be greatly strengthened by trussing with a rope, as shown 
in fig. 100. 


In shallow streams intermediate supports may be quickly obtairied by moving 
wagons into the water. 


54, Spar bridges.—This name is applied to bridges built of round timbers lashed 
together, Intermediate points of support are provided by inclined frames acting as 
struts to transmit weight from the middle of the bridge to the banks. The single- 
lock and double-lock bridges with two and three spans of 15 ft., respectively, are the 
ones of most utility. 


The first step in constructing a spar bridge is to measure tbe gap to be bridged and 
select the position of the footings on either bank. Determine the distance from each 
footing to the middle point of the roadway if a single-lock, or the two corresponding 
points of a double-lock bridge. Next determine and mark on each spar except the 
diagonals the places where other spars cross it. The marking may be done with 
chalk, or with an ax. If possible a convenient notation should be adopted. As, for 
example, in marking with chalk, a ring around the spar where the edge of the cross 
ing spar will come, and a diagonal cross on the part which will be hidden by the 
crossing spar. . 
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A simple way to determine the length of spars is the following: Take two small 
lines somewhat longer than the width of the gap, double each and lash the bights 
together. Stretch them tightly across the gap so that the lashing comes at the mid- 
dle, as at A, fig. 109, Release one end of each and stretch it to the footing on the 
same side as‘indicated by the dotted lines. Mark each line at the footing Cor C’, 
and at the position chosen for the abutment sill, B or B’. Cut the lashing and take 
each piece of rope to its own side.’ The distances AB and AB’ are the lengths be- 
tween the transoms, and with 2 ft. added give the length of road bearers required. 
The distances AC and AC’ are the lengths of struts from butt to top of transom, 
and with 3 ft. added, give the.total length of spars required. 


For a double-lock bridge, a piece of rope of a length equal to the length of the 
middle bay replaces the lashing. If the banks are not parallel, a measuremeut 
should be taken on each side of the bridge. 


Tf desired, a section of the gap may be laid down on the ground in full size and the 
lengths of spars determined by laying them in place. This method, though given as 
standard by all authorities, requires more time and more handling of material than 
the other and gives no better results. . 


The construction of a frame is shown in fig. 101, ‘and the system of marking in fig. 
102. The arrangement of frames to form a single-lock bridge is shown in figs. 104 
and 105, and a double-lock bridge in fig. 107. 


55. Construction of single-lock bridges, figs. 104, 105, and 106.—Suitable for spans of 
30 ft. or less. The two frames lock together at the center of the span; their slope 
must not be more than 4 on 7, The bridge can be erected by two or three noncom- 
missioned officers and 20 men, one-half on each side of the gap. Heavy spars require 
more men. 


The footings at 4 and B must be firm, horizontal if possible, and at right angles to 
the axis of the bridge, In a masonry pier they may be cut out. In firm soil a sim- 
ple trench will suffice. In yielding soil a plank or sill must be laid in the trench. 
The frames are made of such length as to give a slight camber to the bridge, which 
may be increased to allow for probable settlement of the footings. The inside dimen- 
sion of one frame is made slightly greater than the outside dimension of the other, 
so that one frame may fall inside of the other when hauled into position. Fora 9 ft. 
roadway the standards of the narrow (inside) frame should be 9 ft. 6 ins. apart at the 
transom and 10 ft. 6 ins, at the ledger, in the clear, and the other (outside) frame 
1 ft. 6 ins. wider throughout. 


A frame is constructed on each bank. The standards are laid on the ground in 
prolongation of the bridge, butts toward the bank. The ledgers are lashed on above 
and the transoms beneath the standards at the positiona marked. Thediagonal braces 
are lashed to the standards, two butts and one tip above the latter, and to each other. 
Before the braces are lashed the frame must be squared by checking the measure- 
ments of the diagonals. 


If necessary, pickets for the foot and guy ropes are driven, the former about 2 
paces from the bank and 4 paces on each side of the axis of the bridge; the latter 
about 20 paces from the bank and 10 paces on each side of the axis. The foot ropes, 
CO, fig. 106, are secured by timber hitches to the butts of the standards and the hack 
and fore guys, DD and HE, to the tips; the fore guys are passed across to the oppo- 
site bank. The guys of the narrow frame should be inside the guys and standards of 
the wide frame. 


The frames are put into position one after the other, or simultaneously if there are 
enough men. A man is told off to each foot rope and one to each back guy to slack 
off as required, two turns being taken with each of these ropes aronnd their respec- 
tive pickets. The other men raise the frame and launch it forward, assisted by the 
men at the fore guys, until the frame is balanced on the edge of the bank. Theframe 
is then tilted until the butts rest on the footing, by slacking off the foot ropes and 
hauling on the fore guys, fig. 106. After the head of the frame has been hauled over 
beyond the perpendicular, it is lowered nearly into its final position by slacking off 
the back guys. When the two frames arein this position opposite each other, the 
narrow frame is further lowered until its standards rest upon the transom of the 
other. The wider (outer) frame is then lowered until the two lock into each other, 
the standards of each resting upon the transom of the other. 
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The center or fork transom, figs. 104 and 105, is then passed from shore and placed 
in the fork between the two frames. This forms the central support to receive a floor 
system of two bays, built as already described. 


The estimated time for construction of such a bridge is about one hour if the mate- 
rial is available and in position on both sides of the stream. The construction of 
the roadway requires about twenty minutes; forming footings in masonry about one 
hour. 


56. Construction of double-lock bridge, fig. 107.—Suitable for spans not exceeding 45 
ft., and consisting of two inclined frames which lock into a connecting horizontal 
frame of two or more distance pieces, with cross transoms, dividing the gap to be 
bridged into three equal bays of about 15 ft. The force required is two or three non- 
commiissonued officers and 25 to 50 men; the time for construction, except roadway, 
about two and one-half hours; extra time to be allowed for difficult footings. 

The width of gap is measured, the position of footings determined, and the length 
of standards from butt to transom determined and marked as before. 

The inclined frames in this case are built of equal widths, Iaunched as before, and 
held by guys just above their final position. Two stringers are launched out from 
each bank to the main transom. The distance pieces, fig. 107, are put into position 
inside the standards, using tackle if necessary, and the road transoms are placod 
and lashed to the distance pieces at the places marked. Both frames are now lowered 
until they jam. 


TaBLe XX. 


57, Round timber required for spar bridges: 


Diameter. 
Kind of bridge. Spars. Length. Through- Purpose. 
At tip. out or 
mean, 
No. Ft. 
4 22 Standards, 
2 15 Transoms. 
4 15 Ledgers and 
Single lock, 30 ft. span_ 4 20 Dine broke 
1 16 Fork trans. 
10 20 Balk. 
4 20 Side rails. 
4 20 Standards. 
2 15 Main trans. 
4 15 Ledgers and 
shore trans, 
Double lock, 45 ft. span_ 2 25 Distance pes. 
2 15 Road trans, 
4 20 Braces. 
15 20 Balk. 
4 20 Side rails. 
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TaBLeE XXI. 
58. Rope required for spar bridges: 


Single lock. Double lock. 
Description aud size of ropes. ~ 
Total | Max. Total | Max. 
Ropes. length.) wt. Ropes. length,| wt. 
No. Ft. Lbs. | No. Ft. Lbs. 
Foot ropes, 3 in, circ., 40 to 60 ft______ 4 240 71 4 240 TA 
Guys, 3 in. circ., 120 to 150 ft __. 8] 1,200} 356 8 | 1,200 356 
Bin. cire,, 108 fbi. 2.2.4- 825-2 oo 2 216 29 2 216 29 
144 in. circ., 54 ft., for transgm lash- 
INGs oo Se pen tf ones | 4 216 29 8 612 68 
1}4 in. circ., 36 ft., for ledger and brace 
fashings io] 360} 27] 14] 504] 37 
1 in cire., 21 ft., for road bearers_ 10 210 7 10 210 7 
Spun: yarn= 2325.2 enc so Sa | 8 a y £4) Paeernieoes Paes 7 
Aggregate length and weight of 
rope required _.-_--___----___|__----__ 2,442 | 526 |_-----_ 2, 882 575 


Miscellaneous materials: 2 pieces chalk; 8 pickets, 5 ft. long; 4 pickets, 3 ft. long; 
tracing pickets; plank for chess (114 by 12 ins. by 10 ft.) (according to span); rack 
sticks and lashings (at 4 ft. intervals) (according tospan); 2 tracing tapes, 150 ft. each. 

59. Roadway of spar bridge.—For infantry in fours crowded the transoms 
should have # diam. of not less than 9 ins. fora span of 15 ft. Five stringers 2 ft. 
3 ins. c. toc., and 6 ins. diam. &t the tip will suffice. Ifthe sticks vary in size, the 
larger ones should be notched down on the transom so as to bring the tops in the 
same plane. The stringers should be long enough to overlap the transoms, and 
should be lashed together at each tip. The floor is held down by side rails over the 
outside stringers and lashed to them. If lumber can not be obtained, a floor may 
be made of small spars, the interstices filled with brush, and the whole covered with 
loam or clay; figs. 108 and 110. 


60. Trestle bridges.—Applicable to shallow rivers with firm bottoms and not 
subject to sudden change in water level. Improvised structures are seldom satisfac- 
tory. Ona rocky bottom they are difficult to fit; on a muddy bottom they sink, and 
on @ sandy bottom they undermine. Portable trestles require but little timber and 
can easily be transported. The parts are fitted together and numbered to facilitate 
assembling. A trestle bridge is not limited asto length. The bays are of conven- 
ient length, usually 12 to 15 ft., depending upon the traffic and the available material. 

Accurate soundings across the stream along both sides of the bridge are required 
where the bottom is irregular, to determine the length of legs and the height of the 
cap of each trestle above the bottom. 


61. Trestles of spars and lashings are applicable to rocky ravines, or when 
circumstances make it difficult to drive piles. They may be two, three, or four 
legged. 


The two-legged form is similar to a frame for a single-lock hridge (par. 55), the 
only difference being that the trestle standards have a greater slope. Four men 
should make the trestle in forty-five minutes. If the timber be weak, both ledger 
and transom may be doubled, as in fig. 103. Light material may be used for the 
diagonal braces, as little strain is brought upon them. Two-legged trestles aro 
maintained in upright positions by lashing tbe stringers to the transoms and by 
longitudinal bracing of adjacent trestles, The trestles next the shore must be 
rigidly braced by spars lashed to the standards and to stout stakes driven in the 
bank, This end bracing is very important. s 

Three-legged trebtles, fig. 111, have the advantage of utilizing light material, 
They will stand without bracing and admit of more ready adjustment than the 
other forms, 

To make a tripod, the lashing of the tips may be done as described in par. 48, or 
ag shown in fig. 112, the latter method permitting a transom to ve placed in the 
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fork. In the latter method the tips of the two legs are lashed together with a shear 
lashing, par. 47, and the third leg or tripod is then added. The tripod is then raised, 
the feet placed on the angles of an equilateral triangle with sides about half the 
height of the tripod, and secured by lashing three light ledgers, as shown in the 
figure. 

Three-legged trestles of bamboo fitted with three transoms lashed at different 
heights for varying depths of water were used near Manila for a portable bridge 150 
ft. long. The floor was made of bamboo frames covered with bamboo mats. The 
floor for each bay was carried entire and was designed to be hung by ropes from the 
transoms. The entire bridge could be carried by 120 men, but was rather heavy for 
them. 

A four-legged trestle made of spars and lashings is shown in fig. 113. It consists 
of two frames similar to two-legged trestles, locked together at the transoms and 
connected by short ledgers at the feet. The breadth of the base on which the trestle 
stands should not be less than one-half the height. Fig. 114 shows a four-legged 
trestle for same use as tbat shown in fig. 113. It presents slightly different arrange- 
ments of the parts and of the lashings. Four-legged trestles are not convenient for 
use on uneven bottom. 

If trestles are placed in considerable depth of water it may be necessary to ballast 
them temporarily until the weight of the roadway can be put on. Pieces of rock or 
sacks of gravel may be used for ballast, or any articles of the equipment in compact 
form and of considerable weight may be lashed to the trestle when it is set and 
removed to the next when no longer needed. 

In setting trestles of all forms on dry foundations they may be made with legs of 
uniform length as prescribed in the text, set up in place, and fitted to the ground by 
lashing suitable extension pieces to the feet. 


TasLe XXII. 


62. Spars and lashings for trestles: 


Diam. of 
i No. of spars ; 
Kind of trestle. is Length. |sparsorcirc, Purpose. 
or lashings. of rope. 
Ft. Ins. 
. 2 4% to6 | Legs. 
1 534 toT Transom. 
7 2 3% to 44% | Diagonals. 
Two-legged -———--——------- L 3 to 6: | Ledger. 
6 1y Lashings. 
3 107% Lashings. 
Oo. Mi eesoe ce ese) 3to5 Legs. 
1 14 T to 8 Transom. 
4 4to6 3 to 344 Cross bearers. 
6 6 134 to 244 | Ledgers. 
4 2 2 Stakes. 
1Z 30 ly Lashings. 
6 16 1 Lashings. 
4 3% to 4 Legs.: 
2 Ay to 6 Transom. 
4 3 to 3% Diagonals. 
Four-legged -------------- 4 2% {0 tog | Ledgers. 
12 Lashings. 
6 3 Lashings. 
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63. Erecting trestle bridges.—Trestles may be placed in position by hand in 
dry situationa, and also in shallow streams of moderate current when the weather 
will permit men to work in the water. This method facilitates rapid construction, 
ag several trestles can be placed simultaneously. Alternative methods are slower of 
execution, since but one trestle can be placed at a time if the bridge be built from 
one end, or two if work is prosecuted from both ends. One of these methods ig 
shown in fig. 115. Inclined timbers are run out from the end of the bridge, their 
jower ends resting on the bottom at the point where the next. trestle is to stand. 
Slide the trestle down these ways until it strikes the bottom. Lash stringers to the 
cap and push the bent into an erect position. Lay the remaining stringers and 
complete the roadway over the new bay, and place another trestle as before, 


Another method is shown in fig. 121, involving the use of beams, roller, and rope. 
The beams used must be about twice the length of the bay. 


Fig. 122 illustrates a method of placing trestles when a boat or raft is available. 


High trestles are usually erected by the use of a balance beam, fig. 131, rolled 
forward as the floor advances, and projecting beyond the last bent completed. 


64, Framed trestles.—The trestle is also one of the most useful methods of 
utilizing dimension timbers for bridge supports. In framed trestle bents, figs. 116 
and 117, the posts rest on aaill placed on the ground or supported by footings of some 
kind. The names of the principal parts of a trestle bent are indicated in fig. 117. In 
varying the height of the trestle tbe cap remains of the same length and the batter 
posts have the same inclination. The length of the sill varies, as indicated in dotted 
lines, fig. 116. 


The simplest framed trestle is the sawhorse. The relative dimensions and arrange~ 
ment of its parts are as shown in figs. 118,119, and120. The figures and proportions 
given are to be regarded as typical only with the widest latitude of adaptation to 
materials available. 


65. Figs. 123 and 124 illustrate a trestle bridge designed to carry the loaded escort 
wagon with a factor of safety of 3, If tbe height of the trestle is not greater than 
its width, the bracing shown in fig. 125 may, be used. It has the advantage of giving 
a middle support to the transom. Figs. 126 and 127 show a hasty trestle bridge 
thrown across Conemaugh River at Johnstown, Pa., by a detachment of engineers, 
June, 1889. The piers are stiffened laterally by planking the uprights on both sides 
for some distance above the bottom, and are made self-anchoring by filling the 6-inch 
space between the plauks with scrap iron or other heavy material. 


Trestles of considerable height may be made in two or more tiers, the cap of each 
forming the sill of the one uext above and resting upon it, or the posts may be con- 
tinuous, figs. 128, 129, and 130. 


When trestle sills are supported on footings or piles, tbe points of support must be 
under the posts. 


66. Pile bents are similar in construction to trestle bents. The sill is omitted, 
the posts are driven into the ground, and usually are all vertical, Pile benta are to 
be preferred on soft ground and in rapid streams. Piles should be from 8 to 12 ins. 
in diameter at the butt for highway traffic, and must Le approximately straight, or 
they can not be driven, Dimension timbers, the nearer square the better, make 
excellent piles. 

Types of arrangement of piling for railroad work are shown in figs. 132 to 136. 

For bents more than 10 ft. bigh, the outside piles may be driven with a batter. 
Beuts 10 to 20 ft. in height bave one set of sway braces. Crossed diagonals of 3 by 
10 in. plank, one on each side of the hent, suffice, fig. 140. Heights of more than 20 
ft. should have additional sets of crossed “diagonals, with horizontal sticks between 
them, fig. 142. 

Except in streams subject to floods, longilucdinal bracing also is required. It may 
be in oue or more tiers, as described for sway bracing, or as is shown in fig. 129. 


A pile bent for water 10 ft. deep is shcwn in fig. 137. Figs. 138 and 139 show a 
bridge built across the Portuges River, Porto Rico, and designed to allow floods to 
pass over it without other i injury than carrying away the hand rail, which is lightly’ 
constructed with that end in view. Figs. 140 and 141 show a type of pile bridge of 
which several were built in the Philippines, 
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67. Pilesdriving.—Piles may be driven with a hammer in mud or any loose soil 
except sand. In still water or moderate currents, and to the penetration usually 
sufficient for light work, piles may be driven with sledges or mauls. It is best done 
from a platform attached to the pile and going down with it, as shown in fig. 143. 
The weights of drivers balance, and after the pile is well fixed in place the shore 
ends of the spars may be held shoulder high and lowered as the pile goes down, so 
as to keep the platform horizontal for the hard driving. 


Heavier blows can be struck by the device shown in fig. 143a. For four men the 
hammer may weigh 250 to 300 lbs. 


For sand, a force pump and water jet are required, and these will often facilitate 
driving in other soils. For driving with the jet, a length of hose and a piece of 
wrought-iron pipe, long enough to reach from the point of the pile to a point above 
the water level when driven, are required. After the pile is hoisted into the leads, 
attach the pipe to one side, its lower end opposite the point, which should not be 
sharpened, using two or three wrought-iron spikes driven a short distance into the 
wood and bent over the pipe. Place the pile in position, lower the hammer onto 
the head, couple the hose to the pipe and start the pump. If the pile does not settle 
under the weight of the hammer, tap it lightly. Heavy blows are to be avoided, as 
they will dislodge the pipe. 


* In the Philippine streams piles are often placed by setting them up in position and 
working the tops back and forth by guy lines or twisting them by levers. Ona 
tributary of Camilleis River between Bayambang and Camilleis, 12-in. piles were 
sunk in the river to 10 or 12 ft. penetration. Tbe peculiar softness of bottom and 
the great weight of native woods contribute to the success of this method. 


When the piles of a bridge are to be driven by hand, the following method, which 
utilizes the floor of the bridge as a working platform, has been found to work admir- 
ably. It was devised by Captain Rees, instructor of engineering in the General Ser- 
pe and Staff College, Fort Leavenworth, Kans., and used by him in the instruction 
of his classes. 


The first bent is driven at the water’s edge, and connected with the shore by a bay 
of roadway. A derrick frame is prepared as shown in fig. 142a. The feet of the 
standards are forked to embrace the trestlecap. The floor frame is formed by lashing 
two stringers to a trestle cap and placing a diagonal. This frame is laid on the floor 
of the last bay with the free ends of the stringers under the last cap and lashed to it, 
the lashings passing up on the rear side and down on the front side of the caps, 
fig. 1420 (first stage). The new cap and the diagonal are on top of the stringers in 
thisposition, The frameis raised at first by hand and later by the fore guys and rotates 
about the cap to which the stringers are lashed. As the frame passes the vertical, it 
is held by the back guys and lowered to a slightly inclined position (second stage). 
The derrick frame is then placed with its claws embracing the cap outside of the 
stringers, raised by hand, and the back guys made fast at the tops of its posts (second 
stage). The two frames are then revolved about the cap by slacking the back guys 
until the floor frame is nearly horizontal (third atagey? It then forms a working 
platform for driving the piles of the next bent. By lashing the cap to the piles and 
slacking the guys (fourth stage), the weight of the platform and men may be thrown 
onto the piles to assist in sinking them. 


68. Designs for pile drivers.—If two service pontons with balk and cheas are 
available a floating hand pile driver, shown in figs. 144, 145, and 146, may be impro- 
vised. The construction is obvious from the drawings. The hammer is a log of 
heavy wood-16 in. in diam. and 4 or 5 ft. long, flattened on opposite sides to fit loosely 
between the leads. - Pairs of pins are inserted near the top and bottom of the block 
on both sides, to serve as guides. 


Another form of field pile driver is shown in figs. 147 and 148. It can be con- 
structed from balk, chess, and 2-in. plank by six men iu about six honrs. It is rolled 
forward on the bridge as built. 


The form of driver shown in figs. 150, 151, and 162 also rolls forward on the tres- 
tles, projecting beyond the last one driven far enough to drive the one ahead. For 
two or four pilé bents the double leads, shown in this construction, are an advan- 
tage, aa they reduce the lateral shifting, besides doubling the rate of driving. 


The tops of the piles must be cut accurately to the plane of the bottom of the cap 
to give firm bearings. If cut by hand, nail a straight strip of wood on each side of 
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tho pile with its upper edge in the desired plane, and run the saw on top of these 
strips, fig. 149. 

Tn the field pile driver shown in figs. 150 and 151, a swinging saw frame is indi- 
cated. When in use itis hung from a pivot attached tothe hammer. In starting the 
cut, the sag of the saw mnst be lifted until its middle is on line with its ends and 
held so until engaged in the cut. 


69. Operating field driver, figs. 150, 151, and 152.—A bent just completed, over- 
haul the shifting tackles aud attach them by straps to the last cap; fasten blocks to 
the caps on the outside of the sills of the machine to serve as guides; elush or soap 
thd runners, and haul away on the shifting tackles to advance the machine the 
proper distance. Lash the heel of the machine to the trestle cap. As soon us the 
leads clear the last cap the hammers may be lowered into the water to take off their 
weight. When made fast in the new position, bau! hammers to the top of leads; hook 
onto piles with the hoisting tackles and swing them in place; pasa lashings to hold 
them and lower the bammers to rest on their tops. Hoist and drop the hammers 
until the piles are driven to the required penetration or resistance. Hoist the ham- 
mers, hang the saw frame, and adjust to proper heigbt. While sawing off, hook 
onto a cap with hoisting tackles, sling it horizontally into position, and onto the piles 
as soon ag sawed, Bore through the cap into piles and drive driftbolts or treenails. 
Spike on the Jongitudinal braces (hat stay this bent against the pull of the shifting 
tackles and advance to the next bent, Other bracing may be placed after tbe pile 
driver bas passed. 


Above applies to bents with two piles. For driving four-pile bents the machine is 
sbifted laterally on cross skids with tackle or with bandspikes, When mules are 
available they may replace the men on the hammer lines to great advantage. 


70. The supporting power of piles is not of paramount importance in military 
bridges of hasty or temporary character, since a slight settlement is usually of no 
especial consequence. 


It may be said in general that the bearing power of piles will vary from 5 lo:70 
tons according to the size of the stick, its penetration, and the character of the soil 
into which itisdriven, A frictional resistance per sq. ft. of the surface of the pile 
in contact with the soil may have working limits of 200 to 800 lbs. The smaller 
should not be exceeded in alluvial and soft soil nor the greater iu firmer material 
such as stiff clay, sand and gravel, or mixed material. 


If it is necessary to insure against settlement, the following formula, known as the 
‘Engineering News Formula,”’ may be used; 


2 wh 
L= S41 
in which 
Z = safe load in lbs. 
w = weight of hammer in Ibs, 
hk = fall of hammer in ft. {average of last few blows). 
§ = penetration per blow in ins. (average of last few blows). 
This formula includes a factor of safety of 6, or is based on the assumption that 
12 wh 
§+1 


No pile formula yet proposed is absolutely reliable. The above is one of the latest 
and simplest, and probably among the best. 


= the ultimate supporting capacity of the pile. 


CRIB CONSTRUCTION. 


Tl, In dry situations the cribs are built on the site and no fastenings are required. 
The ground is prepared to receive the bottom timbers, level and bearing firmly to- 
ward the ends and but lightly in the middle. The sticks of the next course are laid 
across their ends, noting that they rest fairand donot rock. If logs are used, the 
endg are flattened sufficiently to give bearing surfaces. With dimension timbers each 
piece which does not lay fair must be given a solid bearing by shims or wedges be- 
fore the next oneis put on. These small pieces must be fastened so that they can 
not jar out. The construction of a dry crib is shown in fig. 153, 
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The part of a crib that is to stand in water must be tied together and adapted to 
form a cage for the ballast. Enough of the ballast to overcome the flotation of the 
wood should be so confined that it can not escape. For the reat, it ig better to leave 
the ballast free to run out through the fioor of the crib and fill any cavities in the bot- 
tom which may exist or be formed by the scour of the current. ‘A crib may be given 
a level bearing on a rough or sloping bottom by holding it in the desired position and 
throwing in ballast which runs through. 


A large crih may be made in compartments or pockets, the interior ones floored to 
take the sinking baliast and the others open at the bottom to allow ballast to run 
through, figs, 154 and 155, A small crib made in one pocket may have extra logs in 
the second course on which a large rock can be laid to sink the crib, after which 
smaller ballast may be thrown in around it, fig. 156. 


72, Cribs are built on shore usually on inclined ways, and when up to a sufficient 
height to form a substantial raft may be launched. They are built up to a little 
more than the depth of the water in which they are tostand and aro floated to their 
places. The sinking ballast is then placed in the closed compartments or on the 
floor prepared to receive it, until the crib is well grounded. By means of spars set at 
the corners with tackle attached, the lower corners may be raised until the crib is 
level, and the reat of the ballast thrown in. 

Tbe construction of the sides of a crib must be adapted to the ballast to be used. If 
large stones are available, the full interval may be left between sticks as described for 
dry cribs. If the ballast is small, the timbers must be gained together to make the 
spaces smaller, and it may even be necessary to plank the sides of the crib. 


73, To resist the outward thrust of the ballast the logs may project in full size a foot 
or two at each end, so that each one rests in a notch cut in the one below. A log 
may be split into quarters and one of these placed in each outside corner, nailed or 
pinned to each timber, For light cribs in shoal water the projection may be small 
and a pole substituted for the quarter log. Both of these methods are shown in figs. 
155 and 156. For cribs of squared timbers, two planks nailed or pinned in the outside 
corner, a8 shown in fig. 157, are best. 


74, On a bottom of soft mud it may be necessarv to distribute the weight of tho pier 
over a greater area than its own bottom. For this purpose riprap stone is commonly 
used if easily procurable. A quantity is thrown in on the site of the crib and allowed 
to find its bed. When the bottom is well covered and no further settlement appears, 
the top is roughly leveled and the pier sunk on top of the mound. 


Tf stone can not be had, a raft of logs may be sunk on the bottom and the pier built 
on that. The logs should run parallel to the short side of the crib or pier, figs. 142 
and 163. 


75, A pier placed in running water increases the tendency to scour in its vicinity, 
and if the bottom is erosible may be undermined. To prevent this,a flexible con- 
struction of brush, called a mattress, may be used. Its construction and use are illus 
trated in figs. 158-161. i 


A grillage of poles is made on the ground or on-skids,and at every intersection 8 
stake is set somewhat longer than the desired thickness of’ mattress, A double lash- 
ing is attached to the grillage at each stake, brought to the top of the stake, and 
loosely fastened with plenty of end. ae 


Brush is now laid on in one or more tiers until the desired thickness is obtained. 
A second grillage is laid on the top with its intersections at the stakes. The lashings 
are removed from the stakes, passed around the upper grillage, and set up with levers 
and rack sticks, fig. 160. Such mattresses are usually. built 1 to 2 ft. in thickness. 


The mattress is launched and floated to its place, where it is sunk on the bottom 
by throwing on rock or other ballast. When in place the crib or pier is built on ‘top 
of it, “ ORE 

The effect of a mattress is shown in fig. 161. As the current scours undet'its 


outer edge the mattress bends downward, following the bottom until thé scour cbases. 
The mattress must be large enough so that this action at the edges will not disturb 


the middle, 
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LANDING PIERS, 


76. The dispositions described for pile and crib bridges are those usually adopted 
for temporary piers, wharves, or docks for loading or discharging vessela. The chief 
difference is in the provision made against lateral thrusts, which are much greater 
than in the case of bridges. Vessels warping in and out and even striking the pier, 
which can not be avoided, cause excessive lateral strains which call for special 
features in addition to much heavier construction throughout. 


Lighters can be discharged at a properly constructed dock in considerable seaway. 
Transports can also be discharged in a moderate seaway by providing adequate moor- 
ing devices at bow, stern, and on the outside, so that the vessel can be held aloug- 
side of the pier, but not touching it. Only in perfectly protected situations can a 
large ship lie directly against a pier. 


77. The best mooring is a massive structure of piles driven close together and 
connected near their tops by a cable, or by bolts, or both. Such a construction is 
often called a dolphin. It yields readily to the first impact and develops resist- 
ance steadily but rapidly. Fig. 164 shows the usual construction, and fig. 165 the 
method of binding with wire rope. The end of the rope is stapled to a pile and the 
rope drawn around the dolphin until it bears on the next one, A strain is then put 
on with a tackle and a staple or spike driven in the second pile and soon. At least 
three or four complete turns should be taken. ‘Wire rope is best; chain next. 


78. Such dolphins require heavy plant for their construction. If materials are 
abundant, a crib mooring may be made with ordinary tools. The crib should be 
square, with a side not less than the depth of water at low tide. It should be excep- 
tionally well fastened. It should be constructed with a middle pocket, to be kept 
free from ballast until the crib is sunk and a cluster of piles has been put down 
through the pocket and driven into the bottom as far as possible. The tops of the 
piles should be arranged like the dolphin, Ballast, preferably of moderate size, will 
now be thrown into the middle pocket and packed closely around the piles to support 
them. Such a mooring is less elastic than the dolphin and will be more destructive 
of lines and of fastenings on the ship, but it can be made when a dolphin of sufficient 
strength can not. 


79, Figs. 167 to 170 illustrate points which must receive especial attention in 
building pile docks, These are the arrangement of fender piles and chocks so that 
vessels may ride up and down against the dock without catching, the inclined or 
spur piles driven to resist lateral thrusts, and the arrangement of fastenings on the 
dock to take heavy strains, 


FLOATING BRIDGES. 


80. Bridges of this class have several disadvantages, due to change in grade of 
roadway with change of water level and with change of load, and to their limited 
capacity, which can not exceed the flotation of the supports. As a rule, such bridges 
will be resorted to only when the materials for them are plentiful and the materials 
for other kinds scarce. 


This rule finds an important exception in the organized bridge equipage prepared 
in advance to be carried with an army. Such a bridge possesses a great advantage 
in the paramount element of time, since it can be laid, crossed, and taken up in lesa 
time than any other form of bridge can be built, and its component parts can be used 
as water transportation for several important purposes which no other kind of bridge 
can subserye. 


81, The bridge equipage adopted for the United States service is of two forms, 
heavy and light. The heavy equipage is sufficient in capacity for all requirements 
of an army on the march, and is mohile enough to be carried at the ordinary rate of 
marching. In the light equipage, capacity is somewhat sacrificed for the sake of 
further mobility to enable a bridge to be carried with a rapidly moving column. 


Both heavy and light equipage are organized into trains and in each the train 
is compozed of four divisions each complete in itself, with the necessary materials 
and tools for repairs and the requisite wagon transportation for land carriage. With 
one train four short bridges can be built, or two twice the length in the same 
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or different localities, or three four-thirds the length or one of four times the length 
in the same locality, with obvious intermediate combinations, 


The principal parts in both forms of bridge are pontons or boats; the longitudinal 
bearers or stringers joining them called balks; the cross planks, called chess, and the 
beams which hold the chess in position, called side rails, fig. 181. 


82. In the heavy train each division will construct a bridge of 11 bays, or 225 ft. 
iu length, and is divided into four sections, two of which are called ponton sections and 
the other two abutment sections. The two abutment or end sections suffice for any 
length of bridge. Increase in length is accomplished by adding one or more ponton 
or interior sections. The panton section is never divided, as it can not be done with- 
out breaking wagon loads, This equipage weighs, wagons included, 315 lbs. per ft. 
of bridge, or without wagons 169 Ibs, 


A division of light equipage will construct 186 ft. of bridge. It is not divided into 
sections, as each ponton wagon carries the material fora complete hay and the bridge 
may be lengthened by adding one or more ponton wagons. This equipage weighs, 
including wagons, 275 lbs. per ft. of bridge, or without wagons 128 Ibs. 


83. Heavy equipage.—A division is loaded on 16 wagons. Eight of them are 
called ponton wagons and carry each a ponton, 7 long balks, anchor, cable, 5 oars, 
2 boat books, 20 lashings, 6 rack sticks, 2 scoops, ax, hatchet, bucket, and 20 Ibs. 
spun yarn. Four of the wagons carry chess or floor planks only, 60 each, or enough 
for 8 bays, and are called chess wagons. Two wagons carry each a complete trestle, 
7 long balks, 7 trestle balks, 2 abutment sills, and 2 coils of rope. The tvol wagon 
carries axes, shovels, picks, tools and materials for carpentry, saddlery, calking 
and painting, and spare cordage. The forge wagon carries a forge, smithing tools, 
iron and other materials. Each wagon is drawn by 6 mules with one driver. 


84. Supporting power of boats.—The boats of the heavy train are of wood, of 
about 914 tons displacement, and weigh 1,600 lbs. Each can carry 40 infantrymen 
armed and fully equipped besides its crew, a total of about 9,300 lbs. This load 
crowds the boat and should be used only in favorable conditions, In rough water 
or swift currents 20 men and the crew make a suitable load, The ponton is cranky, 
and uneven loading and shifting of loads must be avoided. 


The light or canvas ponton is of 6 tons capacity and weighs 510 Ibs, Its normal 
load is 20 men and crew, which should be reduced for unfavorable conditions. 


85. The supporting power of the bridge is determined by that of the roadway, 
purposely made less than that of the pontons. With a factor of safety of 4, the safe 
uniform Joad of the standard heavy bridge of 5 balks is 9,500 lbs. on the 14 ft, 4 ins, 
between the supports, or 660 lbs. per lin. ft. This is more than the weight of infantry 
armed and equipped in column of fours, but less than the weight of such a column 
if crowded by a check. The corresponding concentrated center load is 4,750 lbs., 
which is about that on one axle of a wagon of 5 tons gross weight. It is more than 
the field gun and carriage and 1,675 ths. Jess than the siege gun. Each additional 
balk above 5 adds 165 lbs. per ft. to the safe uniform load, or 1,280 lbs. to safe con- 
centrated load. Seven balks will carry the siege gun with a factor of safety of 
nearly 4. 


Six extra balks, or 11 in all, will carry as much concentrated load as the boats will 
support, Extra balkswhen used should be added in pairs and concentrated under the 
wheel tracks, . 


‘When either end of a bay is supported at one point only, as on an abutment or sad- 
dle sill, 30% more balks must be used for the same load and span. If both ends are 
80 supported, 50% more balks will be required for the same load and span. 


The above loadings should not be exceeded except under unusual circumstances and 
with great caution. With new and perfectly sonnd material in an emergency of 
actual service an officer in charge of a hridge would be justified in doubling the loadsa 
given, or, in other words, reducing the factor of safety to 2. 


Heavy loads on wheels may be partially distributed by track planks or by skidding 
the wagons over on shoes or runners, For long continued use a false floor of com- 
mon lumher should be laid to take the wear off the chess. Sucha floor serves also to 
partially distribute the load. A covering of hay or straw is advantageous. 


The floor system of the light train hag #, the'strength of the heavy, with equal num- 
ber of balks for concentrated loadsand equal capacity per lin. ft. for uniform loads, ag 
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the bays are shorter. The standard floor of 5 balks will carry as much 4s the boats 
will safely support. 


TaBLe XXIII. 


86. Names and dimensions of the principal parts of the light and heavy 
trains: 


Nanie of part. Light train. Heavy train. 
Poutia, 96 1008 ..2-cccea| seca cand erases ed 31 ft. by 5 ft.8 ins. by 2 ft, 
; 7 ing. : 
Canvas ponton, 6 tons_____| 21 ft. by 5 ft. 4 ine by 2 ft. 
4 ins. 
Balks and side rails -__..-. 22 ft. by 414 by 424 ins .___| 27 ft. by 5 by 6 ing, 


21 ft. 8ins. by 5 by5 ins, 
13 ft. by 12 by 144 ins, 
14 ft. by 8 by 6 ins. 
Trestle caps, 2 planks, each. 20 ft. by 12 by 2ins. 
Trestle Jegs--------__ 15 ft. by 7 by 31% ins, 
Trestle shoe _ 
Suspension chains 


in. by 8 ft. 


Paddles___ 
Oars__.._- 18 ft. 
Boat hooks — 10 ft. 
Rack sticks_ TY ins. diam., 2 ft. long__-] 144 ins. diam., 2 ft. long. 
Anchor__--__. yf) | eee 150 Ibs, . 
Anchor cable 3 ins. cire., 180 ft. loug.___| 3 ins. circ., 240 ft, long. 
Lashings -----~.- 1 in. circ., 18 ft. long__ lin. circ,, 18 ft. long. 
Canvas-ponton cover _ No. 0000 cotton duck 7 
Ponton chest ~------------ 8 ft. long, 2 ft. 4 ins. wide, 

18 ins. deep. 


TABLE XXIV. 
87. Weights of wagons and their loads: 


Light train. Heavy train. 
Kind of wagon. 
Wagon.| Load. | Total. |Wagon.| Load. | Total. 


55 
Lhe. Lbs. Lbs. Lbs, Lbs, Lbs. 


Ponton _ 1,750 | 1,985 |. 3,735 | 2,200] 2,900]° 6,100 
Chess __ 1,750 | 1,856 |" 3,606 | 1,750 | 2280) 4,030 
Trestle _ 1,750 | 2,060] 3,810} 2,200} %,635) 4,835 
Tool 1,700 | 1,938} 3,638] 1,700} 2,100] 3,800 


Battery and forge 2,081 600 | 2,681 | 2,081 600 2, 681 


88. Boat bridges.—When it becomes necessary to nse boats found on the stream 
or elsewhere, select those as nearly of one size as possible. Of these, use the largest 
for the shore ends and for the swiftest currents. Estimate their supporting power 
roughly by comparing their size with the ponton boat, heavy or light, or compute a5 
in par. 100. Support the balks on saddle sills and transoms blocked up from the 
frames ofthe boats. If boats differing very much in displacement are used, make the 
bays supported by the small boats shorter than those supported by the larger ones. 
Avoid getting a very large and a yery small boat adjacent. The floor system may 


Military Bridges 171-175 


Military Bridges. 176-180. 


204 


BRIDGES. 205 


be designed as in par. 59 for spar bridge. With scow-built barges, which will 
ugually have excess of supporting power, a serviceable bridge is readily built. If the 
boats are large and well decked, they may be placed endwise in the bridge, separated 
by 20 ft. or more, the intervals spanned by bays of roadway and the decks used for road- 
way on the boats themselves. With boats of different shapes and sizes, sucha bridge 
should be attempted with great caution, and only under exceptional circumstances, 


89. Barrel piers.—When barrels are available, floating piers can be made by 
assembling a sufficient number of them by means of timbers or lashings, or both 
combined, An ordinary 50-gallon barrel has a buoyancy of about 400 lbs. when com- 
pletely submerged; those of other sizes in proportion to their capacity. The sup- 
porting power of any barrel or keg can be determined with sufficient accuracy by 
weighing it when full of water aud again when empty; the difference will be the 
supporting power. 


The number of barrels required for a pier is obtained by dividing tbe total load to 
be borne by the supporting power of one barrel. A margin of 20% or 25% should be 
allowed, as the barrels of a pier must not be completely submerged. 


In forming the piers the barrels are laid out in line with the bungs uppermost. 
The gunwale timbers are placed over and the rope slings under the ends, the slings 
secured to the gunwales at each end of the line. Between each pafr of barrels on 
each side a brace is secured to the sling and then led around the gunwale on its own 
side, round the opposite brace rope and back again to its own gunwale, where it is 
made fast, figs. 171,172, and 173. Care must be taken in Jaunching to avoid injuring 
the ropes by chafing on the ground. 


The rafts so formed may be united into larger ones as indicated in fig. 174. 


Where timber is available the best method of forming a barrel pier is to make an 
inverted box crib of lumber or timbers nailed, bolted, or lashed together. If the 
crib is as strong as it should be, it may be inverted over the barrels, which will require 
no other fastenings. Fig. 175 shows this method. 


90. Raft piers.—Rajfts of timber may be used for floating piers when other mate. 
rialg are not at hand. They are durable if not disturbed and secure against being 
sunk by hostile fire. Their defects are, small and decreasing buoyancy, great weight, 
and bulk; figs. 176 to 179, 


The buoyancy of each stick used may be obtained from the following rule: Find 
the girth or circ. at middle point in ft., multiply it by itself, multiply this product by 
the factor 0.08, and multiply again by the length of the stick in ft. The result will 
be the volume of the stick in cu. ft., which, multiplied by the difference between 6244 
and the weight of a cu. ft. of the timber, gives the supporting power in Ibs. when 
fully. submerged. 


Example: Find the net buoyancy of a pine log with a middle girth of 6 ft. and a 
length of 35 ft., and which weighs 40 lbs, to the cu, ft. 


Volume in cu, ft. = 6X 6X 0.08 & 35 = 100.80 cu. ft. 
Buoyancy = 100.80 (6244 — 40) = 2,268 lbs, 
Allowing § of this as available buoyancy, a bridge of 7 such logs in each pier, 


with 20 ft. bays, will carry the maximum infantry loads calculated in paragraph 85 
for the heavy bridge. 


91. Construction of the rafts is done in the water if possible. Arrange the logs 
side by side to form a point upstream, fig. 177. The upstream ends should be bev- 
eled on the lower side, fig. 176. The logs are held together by cross timbers pinned 
or spiked over the tops. Where the logs are of small size additional sticks may be 
placed in the intervals between the others, or two or more courses may be bnilt up, 
the logs of each layer at right angles to those below. The latter method has heen 
found advantageous in constructing rafts of bamboo. 


92. Anchorage of floating bridges.—The anchorage of the piers of a floating 
bridge is of the greatest importance. The piers should be so constructed and placed 
as to present the least obatruction to the current. In nontidal streams all the bows 
are placed upstream; in tidal estuaries they should alternate up and down etream. 


The piers near the shore should be secured by strong cables to rocks, trees, or dead- 
men on the shore above and below. 
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For the heavy and light bridge equipage the anchors provided are eufficient, and in 
moderate currents it will answer to anchor alternate boats upstream and every fourth 
one downstream; the downstream anchors always on boats which have upstream 
anchors also. In swift currents it may be necessary to anchor every boat upstream. 
Even in slack water every second or third boat should be anchored both up and 
down stream to reduce oscillation. 


For any other kind of floating bridge every pier must be securely anchored. 
Ordinary anchors can be relied upon in good holding ground only; when it is poor or 
the current unusually swift two anchors may be used, one backing up the other, fig. 
180, Or, the following devices may be nsed: 


Aline of schooners or large barges may be anchored above the bridge and the 
piers moored to them, or, 


A hawser may be stretched across the stream, buoyed on intermediate floats if 
. Necessary, and the anchor cables carried to it, or, 


Long guys may be carried direct from each pier to the shore and secured as before 
indicated. 


The length of cable between anchor and pier should he at least ten times the depth of 
the stream, Otherwise the anchor is likely to drag and a downward pull is brought 
on the upstream end of the pier. ‘The anchor must be cast as nearly a3. possible 
directly upstream from the pcsition which the pier is to occupy, so that the pier in 
the bridge will have the same position that it would assume if ridiog at anchor, 


Improvised anchors may be made of any heavy materials on hand, as railway iron, 
pieces of machiuery, or large stones. Such anchors must be of considerable weight, 
as dependence is placed on their mass rather than their attachment to the bottom. 


93. Construction of floating bridges.—The regular bridge equipage is designed 
for unloading, construction, removal, aud reloading in the shortest possible time, and 
its systematic drill is given in a separate manual. This elaborate drill is necessary 
only for troops handling the equipage habitually. The descriptions given of the 
methods of construction recommended involve the principles of the Ponton Manual 
and are illustrated for the beavy equipage but are adapted in language to all kinds 
of floating bridges, the ponton equipage being here considered simply as one kind of 
bridge of that class. The method selected will depend upon the character of the 
stream, the kind and location of materials, the force available, and the proximity of 
the enemy. ‘It may be desirable to combine two or more of the methods described. 


A tug or power launch is of the greatest axysistance and no effort should be spared to 
obtain one. 


The three methods available are: (1) By successive bays, (2) by parts, (3) by rafts. 


94, By successive bays, fig. 181.—In a trench 1 ft. deep and wide-lay the abutment 
sill horizontal and at right angles to the axis of the bridge. Secure it by four large 
pickets, two in front and two in rear, near the ends. A support or pier, be it boat, 
barrels, or raft, is brought close to the bank opposite the abutment sill. -The free 
ends of cables, previously fastened on the bank 30 or more paces above and below, 
are passed onto the pier... A set of balks are brought up, the outer ends placed on 
the saddle sill of the pier and lightly secured. The pier is pushed off until the inner 
ends of the balks can be placed on the abutment sill, when all fastenings are com- 
pleted. The floor is then laid on the balks placed, and the second pier.is brought 
alongside of the first, its anchor having been previously cast.. A second set of balks 
are brought up and the operation is repeated until the other shore is reached, where 
an abutment sill is laid as before described and the shore bay completed. Unleasthe 
supports are manageable boats, all anchors should be dropped from a special boat 
and the cables passed onto the piers. 2 : 


95. Construction by parts, fig. 182.—For long bridges the method by successive 
bays requires materials to be transported considerable distances, .These may be 
reduced by constructing the bridge in parts along the shore above. Each part may 
conveniently consist of three bays. To construct the parts a pier is moored close to 
the shore and gangways are temporarily laid-to it from the bank. The other two 
piers are brought up outside the first and two bays are constructed succeasively, aa 
above described, except that the outer bay is constructed first and shoved out into 
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the stream by the balka of the inner bay. Enough of the floor is omitted from each 
end of the part to permit fastenings to be made. The materials for the floor of one 
bay are loaded on the part thus formed, which is theu pushed off and conducted to 
the line of upstream aucbors, where it casts its anchors and drops down to its place 
in the bridge. If not easily manageable, the part may be swung out into the stream 
on an anchor previously laid. 


An abutment will have been formed and one or more floating bays constructed 
during the construction of the part, a few planks being omitted from the outer end, 
The first part is brought into position opposite the shore end and connected to it by 
constructing one bay of roadway from the material loaded on the part. The other 
parts are joined in the same way until the opposite shore is reached, when an abut- 
ment bay is formed, as before described. 


96. Construction by rafts, fig. 183.—Rafta differ from parts only in having the 
roadway completed. Rafts are assembled in the bridge with the outer piers of adja- 
cent rafts in contact. The roadway is made continuous by connecting or false balks’ 
laid on top of the floor over the outer balks and counected to them to form a splice, 
For the heavy train, devices called rack collars are provided for clamping the false 
balks, fig. 184. 


This method is not often employed, as it requires more piers for the same length 
of bridge and distributes the support unequally, throwing the roadway into bumps 
when loaded. 


97. Draw spans in floating bridges, fig. 185.—To form a draw a raft is introduced 
into the bridge over. the channel of navigation, The attachments of the false 
balks are adapted to convenient removal and replacement. To open the draw the 
raft is disconnected from the bridge, the upstream cables slacked off, the raft dropped 
out of the opening, made fast at one end to the bridge and allowed to swing around, 
If the current does not suffice, the raft must be moved by hanling on the dowu- 
stream cables and on a swinging cable laid for the purpose. A wide draw in a strong 
current niay be made of two rafts, one swinging on each end of the bridge. 


The draw is closed by hauling the raft aronnd until parallel to the bridge and 
just below it, and then hauling it into the gap. 


98. Care must be taken to provide a.free binging motion between abutment or tres- 
tle bays and those next to them. Incase of a staunch boat with straight sides, the 
balks may join on one gunwale, one set only extending across. The hinge should 
be on the side toward the abutment or trestle, fig. 186. A saddle sill on the first pier 
to receive the balks will answer, figs. 187, 189. In fact, with tbe exception of the 
heavy bridge train, balks will usually be supported on saddle sills. 


The abutment sil? should be placed as low as possible withont danger of being 
washed out. The abutment bay will usually be nearly horizontal when the bridge is 
light. When the bottom is of mud or sand, and shoals gradually, the sill may be 
placed about 2 ft, above high-water mark, and the part of the bridge neag the shore 
built at bigh water by successive bays. As the water falls, the piers ground suc- 
cessively, forming a géntle ramp from the abutment to the floating part of the 
bridge. Ordinary boats can not be so used, as they will not support the weight 
when grounded. If the banks are high, ramps must be dug, reaching the proper 
level for the abutment sill, and long enough to give a practicable.slope for the traffic 
using the bridge, fig. i89.° : 

A bridge may be laid with extended intervals to cover a greater length by placing 
the balks as in fig. 188. Proper allowance must be made in loading. : 

99. Figs. 190, 191, 192, and 193 illustrate the assembling and placing of the Birago 
trestle, which forms part of the ponton bridge equipage. Two methoda are shown, 
one by means of a raft of two boats, and the other by a single boat. In-either 
method the trestle assembled and in a vertical position is brought up to the end of 
‘the bridge, the trestle balks placed on the cap and Jashed,.and: the boat or raft then 
‘pushed out until the inner ends of the balks fall in place. .The trestle legs are then 
“Jet go, and when the shoes are.on the bottom, the false legs are set.and tbe haat or 
raft removed. : eee : 
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100. Examples of calculations for floating bridges: 

To find length of bay: Piers of flat-bottomed boats with vertical sides, 5 ft. wide, 
3 ft. deep, allowed immersion 214 ft. Mean length of part immersed 16 ft. Weight 
of boat == 1,000 lbs. Dead load, 80 Ibs. per lin. ft.; live load, 560 lbs. per lin. ft. 

Maximum displacement, 16 by 5 by 244 ft. = 200 cu. ft. 

Weight of water displaced, 12,500 lbs. 

Weight of boat deducted, 1,000 Ibs. 

Available buoyancy of one boat, 11,500 Ibs. 

11500 
560 + 80 

To find capacity of bridge with barrel piers: Pier of 70 barrels, buoyancy per bar- 
rel, 11214 lbs.; length of bay, 10 ft.; dead load, 105 lbs, per lin. ft. 

Required the maximum live load: 

Available buoyancy of one pier 11234 X70 x .8=6,300 Ibs, Deduct weight of 
superstructure, 10 x 105 1bs.=1,050 Ibs. 

Available buoyancy per bay, 5,250 Ibs. 

5250 . 
Maximum live load per lin. ft., m= = 525 Ibs., or, length of bay for any assumed 


5250 
live load, say 400 Ibs. per lin. ft., 7-— = 13 ft. + 


Maximum length of bay = = 18 ft. nearly. 


To find capacity of bridge with raft piers: Piers of 7 logs each; length of logs 45 
ft.; mean girth, 414 ft.; weigbt of timber, 35 lbs. per cu. ft.; dead load, 150 Ibs. per 
lin, ft. of roadway ; intervals between centers of piers, 19 ft. 

Required the maximum live load: Volume of log, par. 90, 4.5 X 4.5 X 0.08 K 45 = 
72.5 cu. ft. Volume of 7 such logs, 507.5 cu, ft. Supporting power of pier, 507.5 X 
(62.5 — 35) X 0.8 = 11,160 Ibs. Deduct dead load, 150 x 19 = 2,850 Ibs. Net buoy- 


- . 831 
ancy per bay, 8,310 lbs. Maximum live load for 19-ft. span, sia == 487 Ibs per liz. 
310 
it., or, length of bay for any assumed live load, say 500 Ibs. per lin. ft., aay = 16.6 ft. 


101. Precautions in passing floating bridges.—Infantry must break step 
and music cease; distances must be maintained or extended; riders and drivers must 
diamount and all horses must be led. Halting on a bridge should be avoided. If it 
is absolutely necessary to halt on a2 floating bridge, concentrated loads, such as the 
wheels of wagons and guns, should rest between piers, Interruptions of the columno 
of march and alternations of direction should be made as few as possible. The great- 
est strains on the bridge occur when part of it is empty and the rest loaded. The 
column should also be so arranged as to make the alternations among. the different 
clagses of loads, as troops, artillery, and traine, as infrequent as possible. 

If a bridge begins to sway or oscillate considerably the column must be halted and 
not allowed to resume its march until the swaying has ceased. ’ 


102. Protection of floating bridges.—The bridge must be kept clear of drift 
and other floating objects, especial attention being given to the anchor cables. If the 
objects are not too large or too numerous they may be passed under the bridge by 
men working with pike poles from the piersand roadway. Large trees may be dis- 
posed of in this way by sawing them up into logs of manageable length. Floating 
objects may be prevented from striking the bridge by a guard upstream, or by a draw 
span in the bridge, or by a floating boom crossing the stream obliquely. 

A guard, if used, is placed about 1,000 yards above the bridge. It is stationed in 
boats at differefit points across the stream and is provided with cables, grapnels, an- 
chors, dogs, hammers, saws, etc. The business of this guard is to anchor or tow 
ashore dangerous drifting bodies. 

The floating boom is constructed of trees united by chains and forms a continuous 
barrier to surface drift. Its general direction should form an angle of about 20° with 
the current, giving ita length about 234 times the width of the river. A boom is 
not a very reliable protection. 

A guard should always be posted at a floating bridge with a sentry at each end, 
aad if the bridge is long, at intermediate points. Sentries turn out the guard wheu- 
ever the bridge is in danger from any cause. The body of the guard should be sta- 
tioned near one end of the bridge. : 
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The guard will regulate the traffic over the bridge and enforce orders as to right of 
way of vehicles desiring to cross in opposite directions. They will see that loads 
greater than those prescribed for the particular bridge do -not enter. 


The officer in charge of a floating bridge must frequently inspect the cables to see 
that they are not chafing and that the anchorsdo notdrag. He will cause rack lash. 
ings to be tightened up when they work loose and see that boats are bailed or pumped 
when they leak or ship water, A suitable depot of spare balks, floor planks, cordage, 
etc., should be established on shore near one end of the bridge. The guard will be 
stationed at the same end. 


Ice, if thin or rotten, is a serious obstacle to crossing a stream; if thick and sound, 
it is a very good bridge itself. Boats used in ice must be protected with chafing 
pieces, especially near the water lineat the bows. Heavy ice, rapidly moving, makes 
a crossing impracticable, 


With sound ice, infantry may pass on 3 ins. thickness and cayalry on 4, but with 
large intervals. Fieldpieces are safe on 6 ins., and ice 10 ins, thick will carry any 
load that an army is likely to have. 


Loads may be carried on lesser thicknesses or on ungound ice by distributing the 
weights, Infantry may cross on lines of planks. The wheels of wagons may he 
skidded on planks. Wagon boxes may be placed on boards and used ag sleds to cross 
supplies. Animals may be hauled across on platforms. 


In shallow lakes, springs are apt to cause weak spots. A path should be carefully 
examined by chopping through the ice at frequent intervals to determine its thick- 
ness and quality, and when a safe track is found it should be marked on both sides 
by bushes stuck in holes in the ice. 


BARGES. 


103, A few types of barges of simple, quick construction are shown in the plates. 
They are useful in towing and lightering, are easy to manage, and are staunch in 
rough weather, Fig. 194 shows a barge or flying bridge used at Chattanooga during 
the civil war for crossing men and wagons over the Tennessee River. It will carry 
four 6-mule teamsand wagons besides infantry andcavalry. The cable was attached. 
to an island above and was supported upon three floats. The connection with the 
boat was made by a rope with both ends fastened to the end of the cable, passing 
through snatch blocks at the bow and atern of the boat on the upstream side and 
around a windlass at the middle. The velocity was controlled by turning the wind- 
lass to give the hull the proper direction with respect to the current. Leeboards near 
bow and stern were used to catch the current and increase its force. 


In swift currents the scow can not be held broadside to the stream. The roadway 
Iuust then be made across instead of along the deck. To make the bridles, attach 
the end of the main cable at the middle of the bow. Stop the bight of a line to the 
cable 60 to 75 ft. above the scow and lead its ends to tackles on the starboard and 
port sides. By slacking the port tackle and holding the starboard a bridle is formed 
to the right, and by the reverse process a bridle is formed to the left, fig. 185a. If 
it be desired to stop quickly, ag on landing or avoiding floating objects, Jet both 
tackles go and the scow rides at ease on the main cable. 


Fig. 195 shows a smaller barge than the preceding. It is operated by the force of 
the current, but by means of a traveler or trolley running on a cable stretched 
across the stream. It will carry two field pieces, with four horses each, side by side. 
It differs from the former one in having the flooring on the bottom of the boat 
instead of being decked. For temporary use, loose planks called dunnage can be laid 
on the bottom frames. : - : 


Figs. 196 to 199 show a type of barge easily built by ordinary carpenters, It is 
best built bottom side up. Place skids or ways on or near the ground parallel to 
each other and about 10 ft. apart, with their upper sides in a plane, horizontal or 
slightly inclined. Get out the gunwales complete, with timberheads attached, and 
place them on the ways in their relative positions, but upside down. Build the 
intermediate frames in their relative positions, also upside down. Plank the bottom, 
making close joints on the inside and beveling the plank at the edges so as to have 
a 1% to 4 in. open seam on the outside, This is called outgauge and facilitates 
calking. Put on the head blocks and the corner irons, Then calk, and stay the 
gunwales by spiking a few deck planks on. Slide the barge into the water, still 
bottom side up. 


94, 


1 


dges, 


1 


Military Br 


215 


95 


1 


itary Bridges. 


M 


*Aaso4 Bulkj4 105 moog 


“uonoes 


“14016 892994 B2t ay 
[eee Set ee oa Se eee a 
aqvos 
“UOIRAT]A 


apis weaisdn uo spieog 397 


216 


— 
ureys Bop} 


BRIDGES. 217 


Calking is done with oakum or cotton, which is driven into the seam with the 
calking tool and calking maliet. Oakum comes in bales and must be picked and 
spun before use. Picking is the process of loosening up the compressed fibers of the 
oakum by pulling and beating. The loose oakum is spun by rolling it into a rope or 
strand usually under one hand across the knee, feeding the material from the loose 
pile with the other hand. The spun oakum is }4 tol in. diam., according to the 
thickness of planks and size of seams, 


Calking cotton comes in a strand wound into balls and is ready for driving, 
Seams should be well filled with material driven bard. 


In recalking, the old work should be hkorsed up, whichis done by driving it in 
with the large tool and a sledge. 


The seam is finished by a paying with paint or pitch. 
Certain marine animals destroy calking by eating the oakum. This may be pre- 
vented by laying a strand of hard-twisted rope, called rutline, on the top of the seam, 


secured to the planks by staples. If the seams are wide, wide strips of wood may 
be used. : 


To turn the barge over lay her along tho bank. Fasten two lines to the outside 
gunwales, pass them under the boat, and lead well upstream. Shovel earth on the 
outer edge of the bottom till itis partially submerged, then slack off the upper line, 
allowing the upper end to swing out into the stream until the barge lies with one 
end to the bank instead of the side. Hold fast both lines and the current will right 
tho boat. A depth of water of somewhat more than half the width of the boat and a 
‘current of 114 miles per hour are necessary to the success of this operation, It is 
most conveniently done at the sbore, but may be done in the stream or in slack 
water if a tug or other means be available to set a strain on the lines, 


104. Bill of materials: 
Gunwales, 2 pieces, 4 by 12 ins. by 40 ft. 
Gunwales, 2 pieces, 4 by 12 ins. by 37 ft. 
Gunwales, 2 pieces, 6 by 12 ins. by 33 ft, 2 ins, 
Head blocks, 2 pieces, 8 by 8 ins. by 10 it. 
Knees, 6 pieces, 4 by 6 ins. by 3 ft. 
Struts, 42 pieces, 2 by 4 ins. by 2 ft. 10 ins. 
Braces, 4 pieces, 2 by 4 ins. by 7 ft. 
Timberheads, 4 pieces, 4 by 6 ins. by 4 ft., oak. 
Deck stringers, 3 pieces, 4 by 6 ins. by 40 ft. 
Floor stringers, 3 pieces, 4 by 6 ins. by 33 ft. 
Rake stringers, 6 pieces, 4 by 6 ins. by 6 ft. 
Bottom planks, 45 pieces, 214 by 12 ins. by 10 ft, 
Deck planks, 43 pieces, 2 by 12 ins. by 10 ft. 
Driftbolts, 20, §4 in. by 3 ft. 10 ins. 
Driftbolts, 4, 5g in. by 2 ft, 6 ina. 
Driftbolts, 4, 54 by 12 ins. 
Driftbolts, 4, 54 by 8 ins, 
Carriage bolts, 20, 4 by 9 ins. 
Carriage bolts, 12, 9g by 12 ins. 
Spikes, 6-in., 150 lbs. 
Spikes, 5-in,., 250 lbs. 
Corner bands, 4, 3; by 4 ins. by 4 ft. 
Countersunk-head spikes, 40, 34 by 4 ins. 
Oakum, 30 Ibs. 
Pitch or seam paint, 5 gals. 


Figs. 200 to 206 show a skiff easily constructed and valuable for a number of pur- 
poses, It may be 18 to 26 ft. long, with parts proportioned as in the drawings. 


Figs. 207 and 208 show a design for a 100-ft. barge. This barge is of greater 
dimensions than any of the preceding and somewhat more elaborate in construction. . 
It was designed specially for carrying stone and would be useful in heavy water 
transportation generally, The construction is shown in detail and to scale, and is 
within the limits of ordinary rough carpentry. It should be built on ways, top side 
up, and planked from below, 
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CANTILEVERS. 


105. A cantilever is a projecting or overhanging support, transmitting all of its 
load to one of its ends. 

The cantilever principle may be utilized in military field bridges for short spans 
and moderate loads. Some typical forms are shown in figs. 209 to 212, The main 
points to be observed are that the maximum pressure on the abutment is greater 
than the heaviest load, live and dead, on the projecting part of the cantilever; that 
any settlement of the abutment causes a greater disturbance of the bridge; and that 
the weight or resistance of the anchor multiplied by its distance from the abutment 
must be greater than the greatest concentrated load multiplied by the length of the 
projecting part, or the greatest uniform load multiplied by half that length. 

If the anchorage is beneath the beams as in figs. 209 and 210, the roadway may be 
laid directly upon them. If the anchorage is above the beams, separate road bearers 
must be provided resting on transoms carried by the cantilevers, and ‘high enough 
at the inner end to pass over the anchorage; or the cantilevers may be at the sides 
only, as in figs. 211 and 212. 


Bear in mind that the saje load of a cantilever, concentrated or uniform, is 14 of 
the corresponding safe load of the same beam supported at both ends with the same 
span, and that the deflection of the cantilever under any load less than the safe load 
will be 10 to 16 times greater than the deflection of the same beam under the same 
load when supported at both ends. Much greater vibrations must be expected than 
in girder or truss bridges. | 

‘If the two cantilevers meet at the middle of the bridge they must be fastened 
together. This doubles the safe concentrated load for the bridge, making it equal to 
one-half the safe uniform load of both cantilevers instead of one, or one-half the safe 
concentrated load on a beam of the size and length of one cantilever supported at 
both ends. 


When separate road bearers are used, the transoms are better arranged so that 
there will be a middle bay resting one end on each cantilever, figs. 211 and 212. 

Tf the cantilevers do not meet, the gap is filled by a girder or truss supported by 
the ends of the cantilevers. This arrangement may be useful in case timbers too 
short to span the gap have to be used. To get the maximum strength for timbers of 
a given size, the cantilevers should be 7 and the girder $ of the span. 

106. When objects of sufficient mass and stability are available. the counterbal- 
ance is not necessary and the cantilevers take the form of brackets, fig. 213. If the 
opposite brackets meet and are well connected the structure becomes of the spar- 
bridge type, and there is no overturning moment on the abutments. Abutments 
which will sustain the weight of the cantilevers themselves and the working parties 
before they are connected will permit the canstruction of such a bridge. The two 
brackets on the same side should be connected by diagonals. 


107. The horizontal and inclined members of a bracket are single sticks, or built 
up as may be most convenient. They are connected by fish plates, The vertical 
member is best made in two pieces. The parts should be accurately assembled on 
the ground and bored for the bolts. The fish plates are bolted to the strut. Place 
the strut between the verticals and connect them at the lower ends by a single bolt. 
Launch the three over the edge of the wall or bank, and lower until the tops of the 
ties are at the proper height, and make fast by an auxiliary piece bolted or lashed 
to the ties on the outside, leaving the strut free to rotate about the bolt at its foot. 
Then raise the end of the beam to the top of the strut and connect by one bolt. 
Launch out the beam until its inner end falls in place between the ties. Then set 
all the bolts and tighten up. 


TRUSS BRIDGES. 


108. A trass is a compound beam the parts of which are so disposed as to form 
one or more triangles in the same plane, The triangle is the only closed figure which 
is rigid. Four given sides may be formed into an infinite number of quadrilaterals, 
aud similarly for a greater number of sides. It is only the resistance of the joints to 
bending which prevents the distortion of any of these figures, or its complete col- 
lapse. Buta given three sides can be formed into one triangle and only one; hence, 
if the joints do not separate no side of a triangle can leave the position in which it 
is placed for another in the same plane. 
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Except in some of the simplest forms, the parts of a trues are subjected to tension 
and compression only, transverse strains being practically eliminated. Yor this 
reason parts can be combined into a truss of much greater length and aupporting 
power than a possible single beam. 


109. The simplest form is the trussed beam, in which a part of the load is taken up 
at an intermediate point and transferred directly to the ends, figs. 218 and 219. 


In the king-post truss, fig. 214, the upright member is in tension and carries 44 the 
gross load on the truss, or 14 the gross load on the bridge. Que-half of this, or 4% 
the gross load on the bridge, is transmitted in compression by the inclined struts 
from tbe apex A to the ends of the beam at Band C, causing stresses, as shown in 
Table XXV. : 


In the gueen-post truss, fig. 215, two points of the beam are supported, forming 
three equal bays. The counter braces in the middle panel are frequently omitted, 
and the resulting combination of two triangles and a parallelogram is not rigid and 
is nota truetruss. As half of the bridge is loaded the other half tends to rise, permit- 
ting the loaded half to sink, the beam taking the form of an $. If the beam be stiff 
enough to withstand this double bending effect the bridge will be safe, but'no 
stronger than if the beam were divided into two bays instead of three. In this form 
each post carries 4 of the total load, dead and live, on the bridge, all of which is 
transmitted down the corresponding strut. 


110. The stresses in king and queen post trusses depend upon the load and the 
inclination of the struts. The load may be stated in tons or lbs. for the entire bridge. 
The inclination of the strats is represented by the ratio between the height of posts 
and the length of bay. 


Besides the stresses on rods and struts there is a ¢ension on the beam, It varies in 
the same way as the other stresses, and sufficient cross section must be given the 
beam to withstand it, jn addition to that figured for the transverse strength. In the 
queen-post truss the upper horizontal member or straining beam takes this same 
atress, but in compression. 


TABLE XXV. 


111. Strésses on members of king and queen post trusses in terms of total load 
on bridge, for various inclinations of struts: 


‘ King-post. Queen-post. 
Ratio of height of post to 
length of bay. Stress on Stress on Stress on Stress on 
each strut. | each beam. | each strut. | each beam, 
1. 2. 8. 4. 5. 

0. 05 2.50 2. 49 3.33 3.33 

0.10 1.25 1,24 1,66 1, 66 

commen Be | ae | Se) ER | bE 
for inverted truss. )}," ‘ : ‘ 

0. 25 0. 52 0.50 0. 69 0. 66 

0. 30 0,42 0. 40 0.58 0, 55 

0. 40 0. 84 0.31 0.45 0.42 

0.50 0. 28 0. 25 0. 37 0.33 

0. 60 0, 25 0.21 0. 32 0. 28 

Customary range j0.70 0. 22 0.18 0, 29 0, 24 

for erect truss, 0.80 0. 20 0.16 0.27 0.21 

0. 90 0.19 0.14 0. 25 0.18 

1.00 0.18 0.12 0. 23 0.17 
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TABLE XXVI. 


112. Sizes and tensile strengths of iron rods, standard threaded, with 
assumed elastic limit of 30,000 lbs. per sq. in., strength computed for area inside 
threads: 


Diam. of Tensile Diam. of Tensile Diam. of Tensile 
rod. strength. > rod. strength. rod. strength. 
In. Lbs. Ins. Lbs. Ins. Lbs. 
% 294 % 23, 857 2 85,119 
4 1,178 1 29, 453 2: 95, 426 
% 2) 650 1% 35, 638 PY 4 106, 322 
re] 4,712 1% 42, 412 re) 117, 809 
4 7, 363 182 48, 774 63 129, 886 
_% 10, 603 1% 57, 727 2% 142, 552 
% 14, 432 4 66, 269 4 155, 803 
1 18, 850 2 75, 399 3 169, 646 


113. To design such a truss, determine the span and gross load per lin. ft., and 
from them the total load on the bridge. Take from Table XXVI the size of the rod 
corresponding to the load. This size gives a factor of safety of 4 for king-post and 
6 for queen-post. If timber is used, divide the load by the tensile strength of the 
wood, Table II, column 4. The result will be the required cross section in ins, of 
each post, with the same factors of safety as before. 


To determine the size of struts, divide the length of post by length of bay, and 
with the quotient enter Table XXV and take out the factor from column 2 for king- 
post or column 4 for queen-post truss. Multiply the load by the factor, The result 
will be the maximum stress on the strut. With the length of strut enter Table IV 
and take out the size corresponding to a load next above the strain just found. 
Sticks of this size will give a factor of safety of 5. 


Multiply the load by the factor in column 3 or 5, Table XXV, corresponding to the 
inclination of the strut already found, and the result will be the stress (tension) on 
the beams. Divide this stress by the tensile strength of the material, Table II, 
column 4, The result, multiplied by 5, will be the sq. in. of cross section to be al- 
lowed for this stress, with a factor of safety of 5. Unless the posts are short, this 
strain may be neglected. 


gears ss the load applied uniformly to 44 the beam for king-post and 1 the 
load to 44 the beam for queen-post, and determine, as in paragraph 13, the size of 
beam of sufficient transverse strength. Add the cross section found above for the 
tensile strain. The sum will be the entire cross section of the beam. 


114. Example.—To design a queen-post truss for a span of 45 ft., a dead load of 
150 Jbs., and a live load of 850 Ibs. per lin. ft., or 1,000 lbs. gross. Total load, 45,000 
lbs. Assume height of posts at 10 ft. : 


Size of rod, Table XXVI, 15£ ins. diam.; or, if wood be used, then— 
45,000 : 
~9,000° 
tion. A larger post with excess of strength would be used to give better joints. 

Size of struts —Height of the post, 10 ft. + by length of bay, 15ft.,—0.67. From 
Table XXV, column 4, opposite 0.70 in column 1, takefactor 0.22. 45,000 multiplied 
by 0.22 = 9,900 ]bs. = maximum stress on each strut. Length of struts = 27/15? + 102 
= 18 ft. In Table IV, opposite 18 ft. in column 1, the load 10,182 Ibs. corresponds 
to a post 7 by 7 ina., which is the minimum size for struts. 


Longitudinal stress on beam.—Multiply 45,000 by the factor 0.24 in column 5, Table 
XXV, corresponding to 0.70 in column1. The result, 10,800 lbs., is the longitudinal 
stress on the beam. This divided by the tensile strength, 9,000, gives 1.2 sq. ins., 


which multiplied by a f. s. of 5 gives 6 sq. ins. to be added to the cross section of 
beam on account of this stress. 


87625—09-——15, 


Size of posts (yellow pine), Table II, column 4 = 5 sq. in. area of cross sec- 
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For transverse strength of beam.—One-sixth of load, 7,500 lbs. uniformly distributed 
over a clear. span of 16 ft., breadth 24 of depth, requires, by Formula A, paragraph 
18, a beam 6.2 by 9.3 ins, = 57.66 sq, ing. Add the area to resist tensile strain oh 
the beam, 6 sq. ins., as found above, and there’ results a total cross-sectional area o 
63.66 sq. ins., or, in practice, a beam 7 by 10 ins. me 

The compression on the upper chord or straining beam is the same as the tension 
on the lower beam, 10,800 lbs. Its length is 15 ft., and from Table EV a7 by7 in, 
stick is found to be amply strong. 


Each truss will then consist of a beam of 46 ft, clear span, not less than 7 by 10 
ins. in cross section; two struts 18 ft. long, not less than 7 by 7 ins. in cross section; 
one straining beam, 15 ft. long, not less than 7 by 7 ins, in cross section; and two 
rods 15 ins. diam., or wooden posts of not less than 5 aq. ins, in cross section. In 
framed wooden structures it is desirable to have one dimension the same in all the 
pieces that meet at a point, and a considerable excess of material in the structure 
often results, In this case it will be convenient to take the beam 7 by 10 ins., struts 
7 by 7 ins., straining beams 7 by 7 ins., and posts, if of wood, double, each half 4 by 
7 ins.; or else beams 6 by 11 ins., struts 6 by 8 ins., straining beams 6 by 8 ins., and 
posts 3 by 7 ins., double. , 


Fig. 232 shows arrangement of a 30 ft. queen-post truss for a highway bridge, 
having about the dimensions above computed. 


115. For a light railroad bridge of 30 ft. span and 10 ft. high, the following dimen- 
sions may be used for a king-post truss: Chord 10 by 18 ins., struts 10 by 10 ina., 
and rods 234 ins. diam. or better, two rods at each post, each 17¢ ins. diam., and sev- 
eral inches apart transversely of the bridge. 


116. Inverted forms.—Both king and queen post trusses may be inverted, figs. 
216 and 217. All stresses of tension and compression are then reversed. The prin- 
ciples of design are not affected by the change, but wood must be used for posts, and 
iron is much better for the inclined members and for the lower chords of queen-post 
trusses, The rods are best made double, one on each side of the beam, and festened 
to bolts through the beam at the middle point of its depth. Three or more inverted 
. trusses may be placed beneath a single-track roadway. Of theerect type but two can 
be used. Double-track bridges are often built with three erect trusses. 


_ 117. Erection of small trusses.— With a single beam long enough to span the 
opening the truss may be builtin place. The samie may be done with aspliced beam, 
- provided it is stiff enough to support its own weight plus that of the men and mate- 
rials necessary to complete the truss. 


The simplest way to get a beam across‘an opening is to attach a rope to one end 
_and pass it over to the other side; then launch the beam out and haul the front end 
: up with the rope, fig. 222. : Sy RM, 
|. Two methods, in which the further bank need not be occupied, are illustrated in 

figs. 223 to 225, In-one case an auxiliary beam, and wheels and axle from an ordi- 
nary wagon or cart, are used as indicated to place the bear on its abutments. No 
.gupport.between banks.is needed. In the other.case, two‘spars are stepped on the 
bottom.as indicated, and théir.tops lashed together to form a fork, into which:the 
beam is placed. The beam is then pushed across, the. spara revolving on their lower 
ends. The spars must be long enough to reach the higher of the two banks. 

Complete trusses may be sprung across by similar means. The application of the 
second method-to.an erect king-post truss is illustrated, in fig..294., Inverted trugses 
may be kept upside down until.on the abutments and then turned over, provided 

the chord has sufficient lateral stiffness: Boas des Pee Di 


118. Completion of the bridge.—The trusses ‘being in position, vertical .and 
parallel to each other and secured, lay floor joists from truss to truss 18 to 30 ins., c. 
toc., and on them lay a double course of diagonal planking, the upper~course at 

‘ right angles to the lower. Or, lay floor transoms-at intervals of about 6 ft., and on 
them stringers, the latter carrying a single course of ‘cross plank, or two diagoval 
courses crossed. Planks should be at least 114 ins. thick; if less, lay more courses. 

Assumirig a live load of 100 Ibs. per-sq, ft: for highway bridges, 3 by 10 in, floor 
. joists spaced 30 ins., c. ta c., will be safe up to 12 ft. clear width between trusses, OF 

3 by 12 ins. up to 16 ft. "For the same load, floor transoms 5’ by 10 ins., 5 ft. apart, 
will be safe up to 13 ft. clear distance between trusses;‘or 6 by 12 ins; up to 17 ft, 
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On these transome stringers should be 4 by 6 ins., spaced 18 ins., c. to c., for single, 
and 30 ins., c. to c., for double planking. See par. 118a, p. 243. 


If the beam of the truss has not been designed to take transverse strains, the floor 
transoms must be placed at the panel points on the beam, or hnng below them, as in 
fig. 232. Such a transom must be strong enough to take the load on one span of 
the bridge. The stringers, spaced as above, must be increased in size for their 
increased length. If a queen-post truss, it will be necessary to introduce the diag- 
onal counter braces which may be smaller than the struts, One must run through 
and the other be made in two pieces so that both counters may be in the same 
plane, fig. 232. 


119. The Fink truss, figs. 220 and 221, is a superposition of king-post trusses, It 
is practicable in the inverted form only, but may be elevated on posts as shown in fig. 
221. In this case all the posts are best made of equal length to form the supports of 
the roadway. A primary post supports the middle, which becomes a central support 
for two secondary trusses, and the two points supported by the secondary posts BR, 
become in turn supports for four tertiary trusses CC, and soon. The stresses in the 
primary truss are worked out asin paragraph 113. The stresses for secondary and 
tertiary trusses are worked ont in the same way, taking 44 the load on the bridge for 
the secondaries and 44 for the tertiaries. The details of fastenings are shown in 
fig. 220. 


120. The Howe truss, fig. 226.—This useful form congista of two parallel chords, 
usually continuous built-up beams, divided by posts in tension into equal panels, 
each of which has diagonals incompression. The upper chord is in compression, the 
lower in tension. Each chord is made up of three or more parallel timbers of uni- 
form size, with lengths adapted to properly distribute the splices. The timbers are 
separated by the diameter of the largest rods so that the latter may pass through the 
spaces, The main braces are one less in number than the pieces in the chord and 
abat, top and bottom, against angle blocks of metal or hard wood, triangular in sec- 
tion aud extending entirely across the chord. Against these blocks the counter 
braces, one less in number than the main braces, also abut. The vertical rods of 
each post are equal in number to the main braces. The relative positions of mem- 
bers at the panel points are shown in figs. 227 and 228, In permanent structures a 
cast-iron angle block is generally used. The ends of strutsabut squarely against the 
ends of the block and are kept in place by tightening up the nuts on the rods, Iron 
angle blocks are formed to hold the braces in place even if slightly loose. When 
wooden blocks are used, cleats should be nailed on or dowels inserted in the ends of 
the braces for the same purpose. The timbers of the Howe truss are all square- 
swwed and have no mortises or tenons. 


121. The stresses in a chord of a Howe truss are a maximum at the center and 
when the truss is loaded throughout its length. This maximum stress == the total 
load on the bridge < span in ft. +- 16 times height of truss in ft. 

The chord stress in the end panels will not exceed 14 the load on the bridge unless 
the length of the panel is greater than its height, which should never be the case. 
Between these lower and higher limits the chord stresses vary, but not by equal 
increments. The change is more rapid near the ends and less s0 toward the middle. 
For wooden trusses, convenience in framing requires that all chord pieces have 
one dimension the same, and it is not customary to make more than one change in 
the aggregate chord sections. This is done by bolting extra timbers on each side 
of the lower chord over its middle third. 


122. The stresses in the braces are greatest at the ends and least in the middle. 
The maximum stress in the end brace is 14 the load on the bridge divided by the 
length of the post and multiplied by the length of the brace, It will not exceed 44 
of the total load on the bridge, unless the panel height is less than the panel length, 
which should never be permitted. The maximum stress in the middle brace will not 
exceed 14 the total load on one panel of the bridge, divided by the Iength of the post 
and multiplied by the length of the brace. Between these limits the stresses in the 
braces vary uniformly. 


123. The stresses in verticals are greatest at the ends and least in the middle. The 
Maximum stress in an end rod will not exceed 14 of the total load on the bridge. 
The maximum stress in a middle rod will not exceed 34 of the total load on one 
panel, Between these limits the stresses in verticals vary uniformly. 
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The stresses in counter braces, commonly called counters, depend upon the ratio of 
live to dead load per unit of length, and the distribution of the live load on the 
bridge. With the live load uniformly distributed over the entire length, there are no 
stresses in the counters, For the bridge partially loaded, the maximum stresses in 
counters are in the center panels and diminish rapidly toward the ends, 


The assumption that the maximum uniformly distributed live load will not exceed 
the maximum uniformly distributed dead ‘load per unit of length is safe for military 
truss bridges of 75 to 100 ft., or 6, 8, and 10 panels in length. Under this assump- 
tion, the 6-panel truss needs no counters. 


The 8-panel truss requires counters in the panels adjacent to the center of 14 the 
strength of the main diagonals in the same panels. No other counters are required, 


The 10-panel truss requires counters in the same panels of 14 the strength of the 
main diagonals. No other counters are required. 


For a ratio of live to dead loads of 2 to 1 the 6-panel truss requires counters in the 
middle panels of 14 the strength of the corresponding main diagonals; the 8-panel 
truss requires counters in the same panels of 34 the strength of the muin diagonals, 
and the 10-panel truss requires counters in the same panels of equal strength with 
the main diagonals. 


For ratios greater than 2 to 1, and especially for rapidly moving live loads, the 
center counters should be equal to the main diagonals, and counters of half the size 
should be placed in the next panels toward the ends. 


These rules apply principally to trusses in which the inclined members are of metal 
and for which the areas can be conveniently varied. In the Howe truss convenience 
of framing has made it the usual practice to put counters of uniform size in all panels, 


Taste XXVII. 


124. Dimensions for each of two Howe trusses of a single-track railroad 
bridge. Authority, Trautwine. Working stress of timber, 800 Ibs, per sq. in; 
Working stress of iron, 12,500 lbs. per sq. in. The middle third of each lower chord 
must be reenforced by 1 of the cross section given in the table. 


‘ a Upper Lower Center End | Center 
: g chord. chord. |Emdbrace.| prace, | Counter. } Jog. rod, 
| [Sa 
S pola % g g 3 g ; 
(alg Tg 5 Size. || Size. 5 Size. |"|' Size. Al size. | Size. | | Size. 
ais ° ° ° ) ° 3° ° 
Olm la iA Zi Zi i i i il, 
Ft.| Fe. Ins, Ins. Ins. Ins. Ine. Ins. Ing, 
25] 6 8) 3) 5x 6) 3) 5x12) 2) Bx 8 2 5x 6 1) 5x 6 2 134) 2) 2 
50) 9 9} 3! 6x 9) 3) 6x14) 2) 6x 9 2] 5x 8 1) 5x Bl 2} 2 | 2 1: 
75) 12) 10; 3} 6x12) 3) 6x14) 2) 6x11) 2) 6x 8 1] 6x 8 2 ee 1 
100! 16 11/3) 6x14} 3) 6x16 2} 8x12] 2 6x10] 1] 6x tol 2] 22) a 184 
125] 18) 12) 4) 6x14} 4) 6x16) 2) 9x 14) 2} 6x12! 1) 6x12) a) 3h4) 2) 2 
150] 21) 13] 4 8x14! 4) 8x18/ 3] 8x14! 3] 6x10 2] 6x1o| 3] 3 | 8) 1% 
175) 24) 14) 4] 10x16) 4) 10x 20) 3] 8x 15) 3} 8x 10] 2} 8x10) 3! 31413 1 
200) 27) 15) 4] 12x 16) 4; 12x 20) 3] 9x 16) 3} 8x14) 2} 8x14} 3) 384) 8] 2 


The above dimensions will be safe for a double-track highway bridge of the same 
span, or for a single-track highway bridge of 144 times the span, the number of 
panels being increased one-half. Spans greater than 150 ft. should not be attempted 
in the field unless the difficulty of obtaining an intermediate support is very great. 

The end posts and the upper chords and counters of the end panels of the Howe 
truss are not necessary and are frequently omitted. Fig. 231 shows the details of 4 
50-ft. truss so designed. te 


125. The safety of existing bridges may be tested by the rules for maximum: stressed 
given above, Thus: 
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To determine the safe load on a bridge of two trusses of the dimensions given in 
the table for 100-ft. span. 


Maximum chord stress = load K span + 16 fimes height of truss. 


Cross section of chord at middle = 288 sq. ins. At 800 Ibs. per sq. in., the total work- 
Sarat or load = 276 tons, which divided 
by the span gives 2.76 tons load, live and dead, per lin. ft. 

For an end brace, two 8 X 12, or two 10 X 10, 1714 ft. long, working load, Table 
IV, 36 tona, divided by length of post, 15 ft. = 2.33 X length of brace, 1714 ft. = 44 
tons X 4 = 176 tons total load, or 1.76 tons per lin. ft. 


For the verticals: The area of two rods 234 ins. diam, = 11.88 sq.ins. At 12,500 Ibs, 
per aq. in., the total working stress = 74 tons X 4 = 296 tons total gross load, or 2,96 
tons per lin. ft. For a middle post, the area of two rods 134 ins. diam. = 3.53 sq. 
ins, at 12,500 lbs, = 22.1 tons + 34 = 28 tons panel load X 11 = 308 tons total load on 
11 panels, or 3.08 tons per lin. ft. 


The value 1.76 tons for the end brace is the least and is the safe load of the bridge. 
Compute the dead load per ft, and subtract it from 1.76 tons; the remainder will be 
the safe live load. In this case the safe live load is about 1 ton per lin. ft. 


126. Pratt truss, figs. 229 and 230.—The form and the distribution of stresses 
are the same as.the Howe. The disposition of materials in web members is reversed, 
the verticals being of wood and in compression and the diagonals of metal and in 
tension. The arrangement at panel points is modified accordingly. The chords are 
the same as for a Howe truss of the same span, height, and load. 


The Pratt truss is frequently modified by.giving its end panels the same form as 
shown in the 60-ft. truss, fig. 231, the end posts, upper chords, and rods of the end 
panels being suppressed and 4 brace run from the end of the lower chord to the end 
of the upper one, 


In both Howe and Pratt trusses care must be taken not to introduce unnecessary 
initial strain by setting up the rods too tight. The upper chord should be 134 ins. 
longer than the lower one for each 100 ft. of span; the excess to be divided equally 
among the panels. This prevents the upper chord becoming shorter than the lower 
when it is compressed and the lower one stretched by the load. The effect when the 
bridge is ligbt is to glve the truss a slight crown or camber. 


127. Erection of trasses.—A scaffolding or false work must first be erected to 
sustain the parts of the truss until they are assembled. The false work will be ordi- 
narily some form of trestle construction. The bottom chords are first laid with tbeir 
ends in place on the abutments, and leveled. The top chords are then raised on tem- 
porary supports, footing on tbe false work, to positions a few inches above their final 
ones, so that the web members may be slipped into place. The top chord is then 
lowered until its weight comes on the braces in the Howe, or the posts in the Pratt 
truss. The nuts are then tightened, working uniformly along the entire truss, until 
the camber is developed and the middle of the truss rises, leaving its weight wholly 
on the abutments, 


-ing stress = 115 tons. Hence, 115 = 


128. Completion of the truss.—The floor transoms are placed at the panel points. 
In the Howe trnas they may hang by the rods below the lower chord, if a through 
bridge, or rest on the upper chord if a deck bridge. 


For the Pratt truss the transoms may be doubled, resting on the bottom or top 
chords on either side of the panel point and as near together as possible. Tbe fioor | 
system is completed by stringers and planking, as in paragraph 118. 


129, Truss bridges require lateral bracing to withstand wind pressure and reduce 
vibration. Jt consists of a horizontal truss connecting the top chords and another 
connecting the bottom chords. The truss between the loaded chords should be pro- 
portioned by the foregoing rules for a load of 300 lbs. per lin. ft. if a highway or 450 
Ibs. if a railroad bridge. The truss between the other chords should be proportioned 
for a load of 150 lbs. per lin. ft. for all bridges. 


The lateral trusses may be of the Howe or Pratt type. If the Howe, the braces 
must be in the same plane, one solid and the other framed into it, like the counters 
of the queen-post truss. The ends of the braces must be held ia place by cleats 
spiked or bolted to the chords, or if iron angle blocks be used, by flanges cast on their 
bottom edges. 
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If the Pratt type be adopted, the ends of the posts must be similarly secured. For 
the loaded chords the road transoms serve as posts of a Pratt truss, which may be 
completed by adding the iron ties and without boring the chords. The ends of the 
transoms are shaped as angle blocks. A 


Generally the Pratt type will be best for the loaded chords and the Howe for the 
other lateral. : 

Unless the main truss is higher than the required head room on the bridge, the 
roadway must be placed on the upper chords, or else the trusses must be steadied by 
braces from the floor transoms, made longer and extending outside the trusses for 
that purpose; fig. 232. 


SPECIAL FORMS. 


130. Figs. 233 to 235 show a double bowstring truss which can be constructed 
of common boards and nails, or even with boards and pins. It does not possess 
advantages warranting its adoption when materials for standard trusses can be pro- 
cured with equal convenience. 


Lay out the truss by drawing on the ground two arcs of circles corresponding to 
the inner surfaces of the chords with a radius 244 times the length of the truss, 
Along these arcs drive stakes, around which bend the boards and nail securely to 
each other but not to the stakes. The boards are 1 by 12 ins.; the upper chord has 
5 layers, the lower 6. The boards break butts and are nailed about every 4 ins, 
with 10d, nails; bolts or 6-in. spikes should also be driven through the lower chord at 
intervals of 6 to 12ins. Bolts 14 in, diam., set up tight, are the best. 

The truss is divided into 10 panels by posts of 2 by 12 in. plank and tie-rods of 14 
in. iron at each panel point. Main and counter braces of 2 by 12 in. plank are used 
in all the panels except at the ends, which are filled solid for about 444 ft. The 
chords are nailed to the blocks and the whole bolted through from top to bottom 
with 5 or 6 bolts at each end. 


It will be found advantageous to cover the boards with a mixture of pitch and tar 
before they are nailed together to increase friction between them. 
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131. Bill of materials required for two double bowstring plank trusses 
for each foot of span: 


Lumber, 1 by 12 ins., 30 ft, B. M. 

Lumber, 2 by 12 ins., 12 ft. B. M. 

Lumber, 2 by 8 ins., 9 ft. B. M. 

Nails, 10d., 2.5 Ibs. 

Nails, 20d., 1 Ib. 

Spikes, 6 in., 1 Ib. 

{ron rods, 124 ins. diam., 10 lbs. 

fron bolts, % by 6 ins., 3 lbs. 

The above quantities are approximate only, but suffice as a basis of estimate. The 

truss built as described will carry a live Joad of 500 lbs per ft. on a span of 60 ft., and 
proportionally more for shorter spans. | 


The roadway can best be carried on the top chord. The transoms should be at the 
posts. The middle one and the two on each side of it may'rest directly on the chord. 
“Those at 3,4, and 5 tenths of the span from the middle on each aside should be 
blocked up from the chord, 0.005, 0.010, and 0.018 of the span, respectively. This 
arrangement gives a camber of of the span. With the roadway on top, the trusses 
must be crogs-braced with 2-in. plank as indicated in fig. 235, 


If it is necessary to keep the trusses up, as for example to get above high water, 
the roadway may be carried between or below them. If between, bolt the transoms 
to the posts and extend them beyond the trusses far enough to receive steadying 
braces, fig. 232. The end transoms may rest on the abutments and the next ones to 
them on the lower chord. Stretch a line between the tops of the two which’ rest on 
the chord, raise this le at the middle post by the amount of camber desired, and 
mark on each intermediate post the point where the line crosses it, which will be 
the top of the transom on that post. 
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By supporting the ends of the truss on posts or piers, the roadway may be carried 
ator below the bottom. The middle transom should be held firmly against the 
bottom of the chord. The next one on each side will be bolted to the chord through 
a block 0.006 of the span in thickness. These three transoms should extend beyond 
the trusses to receive steady braces. The second, third, and fourth transoms on each 
side of the middle will be hung below the chord by bolts or lashings, with clear 
intervals between bottom of chord and top of transom of 0.016, 0.038, and 0.062 of the 
span, respectively; this arrangement gives a camber of g of the span. 


The three fioor systems described are shown in fig. 234. If dimension timbers 
can not be had for transoms, they may be made by nailing inch boards together. If 
such timbers are used they must be set with the boards on edge and stayed against 
lateral bending. 


132, The lattice truss, fig. 236, may be built entirely of 2 or 3 in, planks and 
wooden pins. The latter will not be used if bolts can be had. 


The disposition of material is clearly shown in the drawing. If there are three 
sets of planks the pairs must be in the position of braces and the single planks of 
counter braces. The planks are 2 or 3 ins. thick and 9 to 12 ins. wide, according to 
the span. They are placed about 244 ft. apart, measured along the edges. Two to 
four pins or bolts, depending on width of plank, are placed at each intersection. The 
chords are formed of planks or timbers, with au aggregate cross section determined 
by the general rule for trusses, paragraph 121, and are pinned or bolted to the upper 
and lower edges of the lattice as indicated. 


If the roadway be on the lower chord, its upper edge must be so placed that the 
transom can pass through the lattice and rest on it. 


The lateral bracing may be as described for other trusses, paragraph 129, and is very 
important, as a chief defect of the lattice truss is its lack of lateral stiffness. 


The lattice truss may be used for highway bridges up to 150 ft. span with depth of 
1 the span, 


SUSPENSION BRIDGES. 


133, In this type of bridge the roadway is hung to two or more cables stretched from 
bank to bank, with their ends attached to fastenings called anchorages. The cables 
are allowed to sag; the greater the sag the less the tension, but the more the vibra- 
tion. A sag of 7 to yp the span is the best for field bridges. This fraction will be 
referred to as the ‘ratio of deflection. The cables are usually passed over elevated 
supports called towers, to keep their lowest point above the roadway. The parts of 
the cables between the towers and the anchorages are called backstays. The cou- 
nection between cables and roadway is by rods called suspenders, ties, or slings. Tho 
latter designation will be used. There is a sling at each end of each transom. 


The principal features of a suspension bridge are indicated in fig. 237, 


134. In military field operations the suspension bridge is best adapted to light loads 
or long spans or the two combined. The construction of a suspension bridge for 
heavy traffic will usually be impracticable with field equipment. When materials for 
non-floating bridge must be carried with a column, the suspension type is best because 
it is lightest fur a given capacity and its materials are divisible into small portions 
for transportation. 


238 ENGINEER FIELD MANUAL. 


TaBLE XXIX. 


135. Data for calculating main cables for suspension bridges; authority, 
Trautwine: 
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1. 2. 3. 4. 5. 6. 
ok 1.012 1.94 1.870 14° 657 28, 625 
tk 1.013 1,82 1.740 15° 57’ 25. 000 
& 1.016 1.70 1.620 17° 6. 21, 625 
te 1.018 1.57 1.490 18° 33/ 18. 500 
Yr 1. 022 1.46 1.370 19° 59/ 15, 625 
a 1. 026 1.35 1. 280 21° 48” 13, 000 
$ 1. 033 1,23 1.120 23° 58! 10. 625 
1.041 1,12 1.000 26° 33’ 8.500 
i 1. 053 1.01 0. 881 29° 45/ 6. 625 
3 1. 070 0.90 0. 750 33° 41° 5.000 
t 1.098 0. 80 0. 626 38° 40° 3. 625 


The above table is based on the assumption that the curve of the main cables isa 
parabola, which is not strictly correct, though near enough for all practical purposes. 
For ratios of deflection in the table, the curve is practically the segment of a circle, 
the radius of which may be taken from the 6th column of the table. 


136. Having the span and total live load on the bridge, to determine the total area 
of the cables, compute the dead load as in paragraph 4; add the live lond to it and 
taultiply the sum by the factor in column 3 of the table corresponding to the adopted 
ratio of deflection. Multiply this result by the factor of safety. The product will be 
the ultimate strength which all the cables together should have. This divided by 
the number of cables to he used gives the ultimate tensile strength of each one, and 
its size and composition may be determined from Tables IX, X, or XXX. A lower 
factor of safety is admissible for wire than for most other materials, as it is very 
“homogeneous in structure. a 
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TABLE XXX. 


137. Composition of main cables of saspension bridges; factor of safety 214; 
live load 200 Ibs. per lin. ft.; dead load 100 Ibs. per lin. ft.; ratio of deflection }: 


No. of strands of 
34-in. wire rope in Number of parallel steel wires in main cables, 
main cables. 
Span. 
Tron. Steel. | No. 6.) No. 7. | No. 8. | No. 9. | No. 10./ No.11.) No. 12. 
Ft. 
45 4 2 14 16 20 24 28 34 42 
60 4 2 18 22 24 30 36 46 56 
15 4 2 22 26 32 38 44 56 70 
90 4 2 28 32 38 44 54 70 84 
105 4 4 32 38 44 52 64 80 98 
120 6 4 36 42 50 60 72 90 112 
135 6 4 40 48 56 68 80 100 122 
150 8 4 46 54 62 74 90 112 140 
165 8 4 50 58 68 82 100 124 154 
180 8 4 54 64 76 90 110 136 170 
105 10 6 58 70 80 98 118 146 182 


For any other ratio of deflection, less than }, increase the tabular numbers by 
4 for each unit of the denominator above7. For other loads, greater or less, increase 
or decrease the tabular numbers pro rata, 


Example: How many No. 8 steel wires are required for the main cables of a bridge 
of 105 ft; span, ratio of deflection ~,, and a gross load, live and dead, of 600 lbs. 
per lin, ft.? , 


From the table, 105 ft. span, No. 8 steel wire, take 44. Add for change of ratio of 
deflection from } to #5, 3 or YS making 5834. For change from 300 to 600 lbs. load 
multiply by 2, making 11744. Take next even number above, 118, which is the 
number required, If two cables are used, make each of 59 wires. 


138. Tension on backstays.—If the cables are free to move on the tops of the 
towers, the tension on the backstays will always be the same as that on the cables. 
In this case the towers are stationary and should be massive. 


If the cables are fixed to the tops of the towers, the tension on the backstays will 
-be equal to, less than, or greater than the tension on the cable, accordingly as the 
‘slope of the backstay at the top of the tower is equa! to, less than, or greater than 
‘the slope of the cable. It is usually best to make these slopes equal. 


139, Stresses on the towers.—When the slopes of cables and backstays are 
equal, the stresses on-each tower will be vertical and equal to the entire weight and 
load of the clear span. 


When these slopes are unequal the pressure on the towers will be oblique. If the 
slope of the backstay is Zese than that of the cable the tower will tend to revolve or 
slide toward the anchorage, and the pressure on each tower will be less than the 
weight and load of clear span. If the slope of the backstay is greater than that of 
the cable the towers will tend to revolve or ‘slide toward each other, and the stresses 
in each will be greater than the weight and load of clear span. : 


_ When possible, the horizontal distance from the foot of a tower to the correspond- 
ing backstay should be 14 of the cléar span or greater. In such case the tension on 
the backstay will not exceed that on the cable, and the pressure on the tower will 
not exceed the total weight and load of the clear span. - 


140. Making cables.—Three-quarter in. wire rope weighing 92 ee to the 100 ft. 
can usually be carried in lengths snfficient for practicable suspension spans, and will 
be the most convenient form. 
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If ordinary wire must be used, cables can be made by atretching wires, seven is a 
good number, close together and under equal strain, and binding them together at 
intervals of a ft. with marline or wire. If short cables are required, time may be 
saved by making ono of two or more times the length and cutting it in pieces, 


141. Anchorages.-——These are of prime importance and must be secure and as 
rigid as possible. Their character will often be determined by accidents of the site, 
When the stumps of large trees are available they will usually be chosen.. Ledge 
rock or large bowlders are the best, but require care and some skill in making the 
fastenings. Heavy staples leaded or wedged into holes drilled into the rock will 
usually be most convenient. If Portland cement can be had a grouting will hold 
the iron firtmoly after it is set. See also description of deadman, paragraph 49. 


142. Towers.—Large trees will be used if available; otherwise trestles of timber; 
see paragraph 64. With high banks it may be feasible to start the cables fromthe 
surface of the ground or a short distance above it and provide approaches to a de- 
pressed roadway as indicated in fig. 238. For low banks the roadway must be kept 
above the grade as in fig. 239, the backstay carrying it beyond the tower. | 


The towers must be high enough to bring the supports of the cables called saddles 
above the level of the roadway at the tower by the desired deflection plus yy of the 
span, see paragraph 131. 


143. Placing cables may be done by hauling across tops of towers, or by laying 
out cable from one anchorage to the other and raising the bights to the tops of the 
towers by shear poles, fig. 240. The cable should hang in a bridle, fig. 241. In the 
former case the cable wili usually have to be slushed, which is an inconvenienco in 
the subsequent operations. 


The saddle should be a smooth, firm bearing, sufficient to take all the cables side 
by side. In binding the small cables together to form a larger one, adopt the most 
compact arrangement, the outside strands as they lie side by side on the saddle gen- 
erally going into the upper half and the central ones into the lower half of the com- 
plete cable; and note carefully that the arrangement is identical at all points, so that 
the strands do not ride or cross each otheranywhere. The bunching should include 
the backstays, but need not be carried across the towers, leaving the strands flat 
on the saddles. Several groupings are illustrated in fig. 242. 


In either method of placing, the cables should be permanently fastened at one end 
aud be connected with the anchorage at the other end by a luff tackle, to be used in 
adjusting the length. When the adjustment is finished, this end is made perma- 
nently fast and the tackle removed. 


144, In clear weather the dip of the cables may be determined by direct observa- 
tion. Fix the elevation of the bottom of the transom at each tower, and above it, 
distance equal to gy of the span, fasten a batten or stretch a line horizontally. 
Adjust the cable so that its lowest point ranges between the battens or lines. 

If wind, fog, or darkness prevents thia operation, lay the cables out side by side 
before they are hoisted up, and put them under as uniform strain as possible. Mark 
each with a few turns of soft wire, as near the point where it will rest on the saddles 
ascan be computed. The distance between marks on all the cables must be exactly 
the same. When the cables are in place, adjust them so tbat these marks coincide, 
and the deflections will be sufficiently uniform to develop the combined strength of 
the strands. 


145. Lengths of slings depend upon the curve of the main cables and the camber 
of the roadway. The latter must be liberal in field suspension bridges. The cables 
will stretch, especially those made of wire rope, and the anchorages and tower foot-, 
ings will give more or less. One-fiftieth of the span will usually be enough. 

The lengths of slings are reckoned from the cable to the lower side of the transoms 
in a vertical line, fig. 243. They must be determined in advance and adhered to 
during construction, regardless of the appearance of the bridge when partially done. 
When the roadway is completed the distortion will disappear. 

From the following table the lengths of slings at intervals of zy of the span, start- 
ing from the middle, may be readily determined. 
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146. From the line corresponding to the ratio of deflection take out the successive 
factors and multiply each by the span in ft. The results will be the lengths of slings 
in ft, at the corresponding points on each side of the middle. 

As the length of the middle sling is 0, the middle transom will rest directly on the 
cable. If transoms are not of same depth allowance must be made for the difference. 

Note especially that these tabular lengths do not include any fastenings. Be sure 
to add enough for that purpose, but when the fastenings are made see to it that the 
distance from cable to bottom of transom is precisely the corresponding tahular 
distance. . 


In this table allowance is made for a camber of yy of the span in two straight lines 
from the ends to the middle. 


Distance of sling from center in parts of span. 


Ratio of de- 
flection. 


0,05. 0.1. 0.15 0.2, 0 25. 0.3. 0.35. 0.4. 0,45. 


0.0038 | 0 O107 | 0.0209 | 0.0346 | 0.0516 | 0.0720 | 0.0953 | 0. 1267 | 0. 1529 
0.0034 | 0 0097 | 0.0188 | 0, 0308 | 0.0456 | 0.0634 | 0.0840 | 0.1074 | 0, 1336 
0, 0032 | 0.0090 | 0.0172 | 0.0280 | 0.0412 | 0.0570 | 0.0752 | 0.0960 | 0.1192 
0.0032 | 0.0084 | 0.0160 | 0.0258 | 0.0377 | 0.0519 | 0.0684 | 0.0871 | 0. 1080 
0.0030 | 0.0080 | 0 0150 | 0.0240 | 0.0350 | 0.0480 | 0.0630 | 0.0800 | 0.0990 
0.0029 | 0.0076 | 0.0142 | 0.0226 | 0.0327 | 0.0447 | 0.0585 | 0.0742 | 0.0916 
0. 0028 | 0.0073 | 0.0135 | 0.0214 | 0.0308 | 0.0420 | 0.0548 | 0.0693 | 0, 0855 
0.0028 | 0.0071 | C.0129 | 0.0203 | 0 0292 | 0.0397 | 0.0517 | 0.0652 | 0. 0803 
0 0027 | 0.0069 | 0.0124 | 0.0194 | 0.0278 | 0.0377 | 0.0490 | 0.0817 | 0, 0759 
0,0027 | 0 0067 | 0.0120 | 0.0187 | 0.0267 | 0.0360 | 0.0467 | 0.0587 | 0.0720 
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147, Form and strength of slings.—Wire will usually be the material used. 
The load on each sling may be taken as the total load, live and dead, divided by the 
number of slings. It is really somewhat less. Knowing the size of wire on hand, 
divide the number of wires of that size which are used or would be required for the 
main cables, Table XXX, by the number of slings. ‘The quotient will be the num- 
ber of wires of that size which should be in each sling. 


The slings may be made single and fastened at top and bottom by loops around 
cable and trangom, or, more conveniently, made of half size and double length, 
taking a round turn on the cable at tbe middle, bringing the two ends around the 
transom in opposite directions and twisting them together on top of it, fig. 243. 


A very useful attachment of wire to wood is made by means of a nail or spike 
Partly driven beside the wire and the head bent over so as to embrace the wire like a 
ataple. A staple, if available, is of course better. 


148. Construction of the readway.—A transom will hang in each pair of slings. 
On the transoms lay longitudinal stringers of number and size determined by the 
load, length of bay, and materials available, see paragraph 8. The stringers should 
be long and should lap 3 ft. or more and be firmly lashed or spiked together; the lap 
need not be on a transom, but is better near one. On the stringers the planks are 
placed and spiked down or held by side rails. 

Place the first pair of slings on the cables, taking the turns loosely so that they 
will slide. Sling the first transom so that its bottom shall be the calculated distance 
frem the cable measured along the sling. Fasten two stringers to it and push it out, 
the slings sliding on the cables, until the transom is in its proper position and the 
slings vertical. Crimp the turns at the top and place the second pair of slings and 
transom in the same way. Follow up with stringers and planks. 


_ 149, A hand rail should be provided, and a screen on each side of brush or other 
light materiala will be useful. : 
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150. Suspension bridges change their shape vertically and laterally from the live 
load and from wind pressure. ‘Vertical distortions are referred to as undulations and 
lateral ones as oscillations. Undulations result principally from changes in the moy- 
ing load and to a less extent from the vertical component of wind pressure. Oscilla® 
tions are caused principally by horizontal wind pressures and in a lesser. degree by,. 
the moving load. Both must be kept within small limits. Undulations may be re- 
duced by making the hand rail or balustrade fairly high and trussing it lightly, fig, 
244, Also by using deep stringers well lapped and fastened so as to be practically 
continuous, : 


Oscillations may be reduced by placing the cables farther apart at the towers and 
drawing them in at the center. This will affect the length of slings but not seriously, 
Also by a lateral triss under the roadway using the transoms for posts, and adding 
diagonal ties or braces. See paragraph 129. . 


Both undulations and oscillations may be controlled by guys attached to the road- 
way and carried inshore and up and down stream to secure fasterings. ~ 


151. Railway bridges.—With proper assumptions as to loads (aee paragraph 5) 
the foregoing rules for designing and proportioning the several types of bridges wilt 
give safe structures for railway traffic. Seo also paragraphs 42, 66, and 116, and 
Tables XIX and XXVII. ° 


A railroad bridge should not be built on an incline if it can be avoided. The ap- 
proaches at each end should be straight and nearly level for a distance equal to at 
least twice the maximum train length, 


Foundations must be especially unyielding as settlement is more troublesome than 
in other bridges. 


For a single-track standard-gauge railway bridge the clear width between trusses 
or girders should be 14 ft. In double-track bridges the distance from c. toc. of tracks 
Toust not be less than 13 ft. No part of the truss may be less than 7 ft. from the c. 
of the nearest track at a height exceeding 1 ft. above the rail. 


The clear head room must be 21 ft. above the base of the rail for a width of 6 ft. 
over each track. 


Stringers are put under the rails and are best made in two or more pieces long 
enough to span two bays and breaking joints. The pieces are separated about 2 
inches by blocks and well bolted together. Ties are placed 18 to 24 ins. c. to c., and 
every third or fourth one should be spiked to the stringers. A guard rail should be 
placed along the ends of the ties, and itis better to place under the tiea lighter 
stringer and bolt the guard rails to it. : 
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ADDENDA, 1907. 
TaBLE K (XXXII). 


1182. Distance in feet, center to center, between stringers or beams to carry a 
distributed load of 100 lbs. per sq. ft. of roadway, including its own weight. For 
other loads divide the tabular number by the assumed load per sq. ft. and multiply 


by 100. 


Rectangu- 


lar. Span in ft. ° 


Round. 


© 
_ 
—] 
a 
B 
ew 
to 
_ 
ao 


14 | 15 


_ 
a 


D bxd 18 | 20 | 22 | 24 


Fs 
3 
y 
3 
=) 
y 
F 


Ft.| Ft. 


z 
E 
y 
S 


_ 
iS) 
ie 
=) 


KROIWNoOOarHoRMoow nao ac 


POP PON SDH Nee rie 


DOMONOKEA BAO -~1p 
SREORENNE pe 


aes 
aS 
w 
29 


1.0 


pr 
woo 


BR 
i) 
ind 
_ 
mM RORPOOSONNRPNC 5S Meo eel Mel 
WONTON RRR TH 


HWODOODNHROIWROCOHMRON HAO 
AO PAMP SPO Pwr mrp pe 


ll 10 


eo 
PL SSTPOSMONASON EPP 


DPWW PW WDARONWARWOMWDOMW 


_ 
90 Ft 100 > Ym > He GO pat I CO BO et COBO pet BO be et 


. 
wo 
TB DG oo ROD WO DP NTR OO em Co po 
CAL OD ENO ONMARONWHOMATAWE DD 
£9 $0 $9 1S OP F4 O0 OT PO AT OU 60 Ps OV BD Pt C9 BO pt 
DN WON AMOROOOMAAROTOMR WTO 
PORN ROSS P opr mero 
PHOOROORONENHOE-TOHMME DE 
SWHANWESOSOARPHRMBIOSCOW OW 
PRABRAM GPP Cort Nithh pit 
PAO PSPN RODE Pr Pr bet 


_ 
So 
La 
an 
° 
eb eee 
Pee 
i ~tated 
PAWARMIRSN OW 
NPPRONH Ne pie 
PONRNNPNE 
MmWOWROH OW 


12 


EXAMPLES. 


1) The span between roadway bearers of a bridge is 16 ft. and the timber avail- 
able for balks is 4 x 12 ins. How many balks will be required in each bay fora 
12-ft. roadway? The table under span 16 and opposite size 4 x 12 gives a spacing, 
center to center, of 3 ft. between balks, therefore there will be 4 spaces and 6 halks 
inéach bay. If 11-in. round timbers were available, the spacing would be 4 ft. and 
there would be 3 spaces and 4 balks in each bay. 


(2) The bays of a bridge are to have © span of 12 ft. and the balks are to be 
spaced 4 ft. center to center. What sizes of balks may be used? 


Auswer. Hither 9-in. round timbers or 3 by 12 in. rectangular beams. 


(3) The cap of a pile bent is supported on two piles, 10 ft. center to center, and 
the bents are spaced 15 ft. center to center. What size of cap is required? Oppo- 
site ‘15.2 ft.” in column “10 ft.’? is found the required size, 8 x 12 ins., for the cap. 
Intermediate sizes, spans, and spaces may be found by simple interpolation. 


1183, Wagons and artillery carriages bring concentrated wheel loads on the bridge, . 
and for such loads the foregoing table is not applicable. 

The following assumptions simplify the problem, give safe results, and are in ac- 
cord with the usual conditions. The balks are assumed to be so spaced that the load 
of any one wheel is transmitted by the flooring to at least 2 balks. . 

_ When the span of the balks is less than twice the length of wheel base of the car- 
Tiage the greatest strain occurs when the heaviest wheel loads are at the middle of 
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the span, When the span of the balks is more than twice the length of wheel base 
of the carriage each wheel is supposed to have a load equal to the greatest wheel 
load of the carriage, and the strain is greatest when the center of the carriago is at 
the middle of the span. 


For light artillery and army wagons the heaviest wheel load is 1,750 Ibs: Add 
one-half the weight of the flooring carried by 2 balks, and 2,000 lbs. may be taken 
as the concentrated load on 2 balks, giving 1,000 lbs, on 1 balk, applied at the 
middle point if the apan is less than twice the wheel base, and applied at two points, 
6 ft. apart and equidistant from tbe middle point if the span is more than twice the 
wheel base. In the same way 2,000 lbs. may be taken as the concentrated load on 
1 balk for siege artillery applied in like manner with a wheel base of 8 ft. 


Tasty XXXTI. 


118e. Sizes of round and rectangular balks and maximum safe spane in feet for 
wagons and artillery. , 
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118d. The flooring must be strong enough to transmit its load to the balks, and 
its thickness will depend on the load and on the spacing of the balks. Concentrated 
wheel loads will cause the greatest stresses, and these may be taken as 1,600 Ibs. on 
one wheel for wagons and light artillery and 3,200 lbs. on one wheel for siege 
artillery. 
TaBLE XXXIV. 


118e. Thickness of flooring in inches to carry wagons and artillery for varying 
distances between balks, 


: Thickness of flooring. 


Distance i 
between Wego light Siege artillery. 
balks (2. a 
in feet). 
Plank. Poles. Plank. Poles. 
a D a’ D' 
Ins. Ina. Ins. Ins. 
1.0 14 2.3 2.0 3.6 
1.5 1.7 3.2 2.4 4,0 
2.0 2.0 3.5 2.8 4.4 
2.5 2.2 3.8 3.2 4.8 
3.0 2.4 4.0 3.6 5.1 
3.5 2.6 4.3 3.7 5.4 
4.0 2.8 4.5 4.0 5.6 


For a footbridge, the thickness of flooring in inches may be safely taken as one 
half the span between balksin feet, ord=4s. ~ 


118f. Figs. 245-247, reproduced by permission from Plate IIL, War Department 
Document No. 273, 1906, show interesting features of field bridges built by the 
Japanese during the Manchurian war. The use of railroad iron and the very gen- 
eral employment of iron dogs for fastenings are noticeable. 


Bridges. 245-247. 
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PART HWI—ROADS, 


1. Military road making will, in most cases, be a question of repairing existing 
roads to make them temporarily passable, the work to be done in the shortest possi- 
ble time. Labor is likely to be plentiful, though not the most efficient. Machinery 
and transportation will be scarce. Materials actually on the line or very near it 
must be used. To decide upon the best plan under such circumstances, and to carry 
it out most successfully, it will be helpful to have a general knowledge of the condi- 
tions which make good roads and those which make bad ones, and of the best meth- 
ods of converting the latter into the former, or, in other words, of the principles of ' 
road construction. These principles are the same for all roads, though the practice 
Tesulting from their application may differ in military roads from that considered 
best for civil roada. 


2. The supporting power of cohesive compacted earth, moist but not wet, is suf- 
ficient to bear without objectionable indentation the weights on hoofs and wheels 
which result from ordinary highway traffic. The supporting power of the same 
earth when thoroughly wet is only about #4, as much, and is not sufficient to carry . 
the weights on hoofs and wheels until the wagons have sunk to their axles and the 
animals to their bellies, when traffic becomes impossible. Between these extremes 
lie many gradations of good and bad roads. 


3, Civil roads are also rated as bad when the surface, though hard, is rough, as 
when there are projecting bowlders or ledges of rock crossing the road, or stumps or 
roots in the way; and also when any of the grades exceed the limit at which a team 
can pull its own load. Z 


As to roughness, its principal effect is to increase the wear and tear of vehicles and 
the discomfort of passengers, and to prevent a faster gait than a walk; hence it is of 
secondary importance for military traffic. As to gradients, it is to be remembered 
that army transportation is always in trains, so that teams can be doubled when 
necessary, and also that there is usually an ample supply of labor in reach so that 
Joads can be broken. Within the limits of possible wheel transportation, steep gra- 
dients alone may delay military traffic, but can not stop it. : 


Extensive work for reduction of grades will rarely be worth while so long as the 
prevailing natural grades do not exceed 3°, and the maximum are short and not 
nee ag Hare 6°, Rolling country, classed as decidedly rough, will be found within 

ese limits. 


For long grades, as in mountain roads, considerable work may be profitably ex- 
pended in keeping prevailing grades within 2°, with a maximum of not more than 
4° on short ones. 


4, The paramount question to be dealt with will be the supporting power of 
the roadbed as affected by water. This supporting power will be a maximum when 
the soil is sufficiently damp to compact well and yet not wet enough to yield con- 
siderably under the pressure. It is not desirable to remove all the moisture from 
the soil, because if this is done it loses its compacting power, and any particles dis- 
lodged from cohesion to adjacent ones remain on the surface in a friable condition, 
refusing to reunite under pressure until moisture is supplied. 


The supporting power of wet earth may be increased in two ways: first, by 
removing the surpius water and keeping it out, and, second, by introducing rigid 
Material, or a combination of materials, which will afford a proper bearing surface 
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and so distribute the pressures as to reduce them below the supporting power of the 
wet soil. The application of methods involving one or both of these principles will 
constitute the bulk of military road work, whether of construction or repairs. 


5. Drainage.—The water to be disposed of in connection with any road is: that 
which flows toward the road from adjacent slopes; that which falls on the surface of 
the roadbed, and that which finds its way beneath the surface, commonly called 
ground water. : 


6, Side ditches.—Surface water flowing toward the road is intercepted and car- 
ried off by ditches along one or both sides of the road, according to the direction from 
which the surface water comes. If on one side only, the water is carried under the 
road—acroas it in some cases—and discharges down the slope, preferably in a gully 
or natural drainage line. 


7. Drainage of the road surface takes care of the water which falls on the road- 
bed itself, and is effected by making the surface of the roadbed smooth and compact 
and giving it regular slopes longitudinally or in the direction of the road and Iater- 
ally or toward the sides. The longitudinal slope is the grade, and the lateral slope 
is called the crown. The compacting or consolidation of the road surface reduces 
the rate of absorption of water, and the smooth regular slopes cause the rainfall to 
run off promptly. Compacted earth absorbs water slowly if the surface is not dis- 
turbed. By digging in a beaten road or footpath it will be found, even after a hard 
rain, that the ground is wet for a slight depth only. The surface stratum when wet 
seems to form an impervious coating which keeps the rest dry. If the surface is dis- 
turbed during the rain, as by traffic, the protection of the surface stratum is lost, and 
the water penetrates deeper. An earth road in constant use in wet weather will 
become muddy no matter how much attention is paid. to drainage, but with proper 
drainage a road will not- become muddy so soon, nor stay muddy so long, nor will 
the mud get so deep. 


To maintain a road in good condition under traffic in wet weather it must 
be given a surface the supporting power of which is not diminished by moisture, so 
that the wetted surface is not disturbed by the traffic. Various kinds of such sur- 
faces are formed artificially, and are called pavements. In addition to their qualities 
just described they also act in an important way in distributing the pressures from 
the wheels to the earth foundation. It has been noted thatall binding materials lose 
their efficiency when absolutely free from moisture. As the distributed pressure on 
the ground surface can be borne by earth carrying more moisture, and as such earth 
underneath the pavement has a tendency to prevent the latter from becoming too 
dry, it is readily seen that where a road is covered with pavement it is possible to do 
harm rather than good by too much underdrainage. 


8. The crown of an earth road should be 6 in. for a road of ordinary width. 
Theoretically the crown should increase with the grade, but this is an unnecessary 
Tefinement in practice. ‘The convenience in construction of a fixed crown outweighs 
any advantages of a variable crown. If the grade is so steep that water flows too far 
along the road, causing scour in the wheel ruts, it is better to build low ridges across 
the road at intervals to turn the water to the side than to attempt to produce the 
same effect by a greater crown. The ridges may be wide and flat, amounting, in 
fact, to a reversed grade for a few feet, perfectly effective, and yet so gentle as not to 
materially disturb traffic. 


The best distribution of the crown is to give 54 of it to the outside quarters and 
34 to the inside quarters of the road. The resulting crown is nearly an are of a 
circle. With inexperienced men it may be necessary to use a form for a crown. 
.Fig. 1 shows its construction. The upright forms a convenient handle, and may be 
provided with a plummet to level the gauge across the road. 


9. Subdrainage is resorted to when it is desirable to lower the surface of the 
ground water. By the ground-water level, at any point, is meant the depth at which 
the soil becomes fully saturated. Tt is the depth at which water will stand in a well 
or pit. If itis 4 ft. or more below the surface, it will not affect the condition of & 
Toad in good soil. Ground water rises in wet and falls in dry weather. It probably 
Tises when the ground is frozen, regardless of the rainfall. 


’ Roads. 1-4. 
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Tf the ground water comes nearer the surface than 4 ft, its effect may be bad or not; 
depending upon the character of the soil and tbe elevation of the road. Generally, 
however, high ground-water level and poor soil for road making go together. 


10, Subdrainage will not Often be a feature of military road work; but when it 
is done it is best accomplished by a tile drain laid on one or both sides of the road 
under the side ditches, fig. 3. The tile should be of the bell-and-spigot pattern, laid 
with open joints, the bell upgrade. As water flows along the ontside of. the pipe as 
well as on the inside, it should be surrounded by porous, nonerosible material, such as 
broken stone or gravel. : 


On military roads substitutes for the tile must often be used. The essential is a 
continuous conduit into which water may percolate through the sides and along 
which It may flow with a relatively high velocity. Broken stone, plank, or layers 
of fascines or brush will do much good. Any form except a pipe or box tends to 
quickly choke up with fine silt washed into the interstices. This may be partly pre- 
vented by interposing a layer of filtering material such as straw, turf, grain sacks, 
etc., between the material of the drain and the surronnding earth, especially on the 
top. If turf ia used, put the grass side toward the drain, 


Side ditches act as subdrains to the extent of their depth. A free outlet is 
necessary for the efficient operation of subdrains and side ditches. 


11. Importance of side ditches.—It is obvious that the side ditches contribute 
to the improvement of a road in s0 many ways that they must be of great {mpor- 
tance. They assist In every class of drainage and also offer the most convenient 
source for materia] to crown and raise the roadbed. Ample side ditching is the con- 
sideration of first importance in every road project, except in arid climates or very 
sandy soil. 


12. Form of side ditches.—The best form of side ditch is shown in fig. 2, Its 
advantages are that it is favorable for a variable flow of water at relatively uniform 
velocity; that it does not fill up by caving or from the wash of earth from the road; 
that if a wagon is run into it accidently or in an ani ae f no especial trouble fol- 
lows, and that it furnishes earth enough to crown the road. This form is suited to 
a road which has.ample width and Is on good ground. If these conditions are re- 
versed, the road narrow, and the ground wet, a ditch of the form shown in fig. 3 
will be better, It takes less space and is deeper. It will fill up more rapidly and 
require more work to keep it open. The form in fig. 2 can be opened with scrapers. 
The form in fig. 3 must be dug with shovels. 


13. The slope of side ditches will usually be that of the road, though if the 
latter is less than 1 in 125, the slope of the bottom of the ditch should be increased 
by making it shallower at the upper and deeper at the lower end. A long ditch on 
a steady grade will do its work better if made gradually larger from the upper to 
the lower end. In all cases, the bottom should have a uniform or increasing grade 
to the outlet to prevent the formation of pools. Large springs near the road should 
be tapped below the surface and led into the side ditches. < 


On very steep hills roads are often badly damaged by the scour of water flowing in 
the side ditches. To prevent this, the ditches may be roughly paved or may have 
weirs of logs and brush or stone built across them at intervals. These dame should 
not be tight enough to hold any water permanently. Or, the ditch may be stepped, 
paving the ateps at top and bottom, to prevent scour by the overfalls, : 


14. Embankments.—Raising the surface of a road or carrying it on an embank-- 
ment produces the same relative effect, so far as saturation of the soil is concerned, 
as lowering the ground water. Roads may also be carried on embankments to 
reduce grades, This is especially advantageous when a cut is made at the top of a 
hill and the materlal can be placed in the roadbed at the bottom so as to raise it 
materlally. The haul is short and down hill, and the movement of the earth accom- 
plishes a double benefit in reducing the grade by lowering the road at the top and 
raising it at the bottom. : 


‘When there is no near-by cutting, the material for embankments must be dug on. 
areas outside of the line. Excavations made for this purpose are called borrow 
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pits, 1f the material along the roadbed is fit for use, the borrow pits are enlarge- 
ments of the side ditches, The superior convenience of this arrangement deter- 
mines its use in many cases when the material is poor. It is indeed seldom that the 
material from side ditches cast up on an unimproveg road and properly surfaced 
and compacted will not make the road temporarily better than it was before. 


Embankments shuuld have a top or crown at least 5 ft. wider than the proposed 
roadway, and should have side slopes not steeper than 1% to 1, unless the material 
stands naturally ata steeper slope. An allowance for settlement should be made 
of about yy the height. If the embankment is put up in such a way aa to be com- 
pacted by traffic during its construction, this allowance for shrinkage may be con- 
siderably reduced. 


16, Cuttings.—Excavations on the line of the road may be made either to reduce 
extreme elevations and grades or to give a level surface for the roadway. In tbe 
former case they are usually called cuts, and in the latter side cuttings, or some- 
times cuts and fills, since the material excavated is usually used to make an 
embankment to carry part of the road, fig. 4. 


Cuts will have a bottom width sufficient for the roadbed and narrow side ditches. 
The top width will depend on the depth of the cut and slopes of the sides. Side 
slopes in earth will usually be 144 to 1. In rock they may be steeper; in sand and 
in some clays they must be fiatter. In northern latitudes cuts are sometimes made 
with very flat slopes to prevent them from drifting full of snow. 


For side cuttings the same remarks apply so far as the upper side is concerned, 
The embankment may be made, as indicated in fig. 4, to prevent the mass from 
sliding bodily down the hill. Stepping of the slopes under the fill is a good rule for 
heavy embankments where tbere is likely to be a good deal of drainage against 
them from above. On ordinary sidehill slopes and with ordinary embankments 
s@pping is not necessary. On very steep and unstable sidehills it will be better not 
to cut at all, but to make the fill on the natural surface with earth brought from a 
distauce. As the embankment ina cut and fill will settle, it is best to make it 
higher at the sturt than the floor of the cut, and to arrange for all the drainage to 
go into the side ditch on the uphill side, fig. 4. If the face of the cut presents two 
materials, a pervious one above and an impervious below, as sand and clay, it may 
be necessary to cut a drain in the slope at the junction of the two. 


16, Retaining walls.—This term is here applied only to walls which are de- 
signed to support made ground, and will include all devices for giving a vertical 
face to such ground whether of masonry or not. Yor military fieldwork, the easiest 
and qnickest will usually be preferred to the best. 


Acrib of ‘logs or timbers (see Bridges) may be made and filled with earth or 
stone and filling deposited against it. Such a crib should be half as wide as it is 
high. For stiff soils the rear wall of the crib may be omitted and the front one held 
in place by logs runuing back into the bank, fig. 5. These logs may be replaced by 
cables made fast to posts. This construction can best be applied when the cables 
can be carried back to solid ground, fig. 6. 


Vertical posts with their feet let well into the ground and the tops anchored 
by eitber of the above methods may support horizontal planks, wbich in turn sup- 


port the fill, fig. 6. Constructions in timber for this purpose are usually called 
bulkheads. ‘ 


Masonry retaining walls should bave an average thickness of 4, to + their 
height above the ground, the former for good rubble laid in cement mortar, the latter 
for dry rubble. The thickness may be the same from top-to bottom, or it may be 
greater at the bottom and less at the top, the average remaining the same. If the 
-wall is high, the latter section sbould be adopted, as it requires less material for a 
given height and strength. Dry rubble must be of large stones fairly well fitted 
together. Whether with or without mortar, it is desirable to avoid through hori- 
zontal joints. Some stones should be so placed as to lie partly in two adjacent conrses, 
acting as dowels to prevent the upper part of the wall from sliding along the joint 
between the two courses. Walls should be built with a batter on the front from 14 
to Lin. to the foot, as they will always move out a little at the top, and if originally 
built plumb, will then overhang and lovk unsafe. 
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Especial attention must be given to the character of the foundation at the 
foot of the front face. A trench must be excavated deep enough fo get toa firm 
bea ing at thia point. The front of this trench should be kept as solid as possible to 
form a support to the wall against sliding on its base, fig. 7. If the wall yields to 
the pressure against it, it will most probably revolve around the toe, and its entire 
weight will come on the front edge of the foundation trench, which must be able to 
support the weight or the wall will overturn. 


17, Culverts.—An inclosed conduit for passing drainage under a road id called a 
culvert. The distinction between bridges and culverts is vague. Some small 
bridges are often called culverts, and some large culverts have been called bridges. 
If the traffic is borne directly on the top or roof of the conduit, it must be designed 
asa bridge, and may be called a bridge, no matter what its length or height. If a 
considerable thickness of the roadbed passes over the conduit so that water may 
stand above it at one end and pass through under pressure, the structure may Prop- 
erly be called a culvert. 


18. The area of waterway required can not be determined by any rule. It 
depends upon the maximum rate of rainfall, the kind of soil, whether rocky, sandy, 
clayey, etc., and the slope of the surface and its condition, whether cultivated or not, 
timbered or not, frozen or not, etc. 


If the culvert conveys the flow of a side ditch under the road, its capacity should 
be equal to that of the ditch. ‘he discharging capacities of channels of different 
forms are to each other as the squares of their areas divided by their surface widths; 
thus, the area of the side ditch in fig. 3is314sq. fit. Thesreasquared=12.25, The 
surface width is 214 ft.; hence thearea squared divided by the width= 12,25-+-244=4.9. 
To find the dimensions of a rectangular conduit of equal capacity, assume the width 
14 ft. Then the area squared divided by 114 = 4.9; hence, the area squared == 7.3, or 
the area=2.7; the depth equals the area divided by the width = 2.7 +-1.5=1.8; 
hence a conduit of equivalent section will be 1.5 by 1.8 ft. 


Required, the size of.a circular conduit equivalent to the side ditch. Divide the 
equivalent number 4.9 by 0.616, and take the cube root of the quotient, which will 
be the diameter of the circle; thus, 4.9 + 0.616 = 8; the cube root of 8 = 2, which is 
the diameter of the equivalent circular conduit. 


These relations are true only when the water has a good approach to the culvert 
and free discharge from it, and when the fall of water surface from the upper to the 
lower end of the culvert is not less than the fall of the ditch in the same length. 
These conditions can ordinarily be secured in construction. In fact a considerably 
greater fall can usually be obtained through the culvert than exists in the side ditch, 
so that areas computed by the rule will usually be in excess. 


When the drainage to be handled is that of a natural drainage line, estimate a3 
well as can be done the area and surface width of the maximum cross section of 
flow and convert it into the equivalent regular section by the rule. If the conver- 
sion gives a size larger than can conveniently be constructed, consider the possibility 
of giving a greater fall through the culvert. The area of the culvert may be reduced 
as the square of the slope increases. If twice the fall of the natural flow can he 
obtained, one-fourth the culvert area will answer. 


19. As to their design, culverts are classed as box, or rectangular, arched, 
and pipe. The box culvert may be of wood or stone, or of the two combined. The 
arch culvert is usually of masonry. The pipe culvert may be of clay, iron, con- 
pid or wooden-stave pipe. In the latter material it is sometimes called barrel. 
culvert. 


20, Wooden culverts.—Figs. 8 to 14 represent type forms in logs, squared 
timbers, and lumber. The principles are the same for all. The inside should be 
smooth to facilitate the flow of water and the passage of floating substances. The 
outside should be a broken surface to offer more resistance to the flow of water 
between the wood and earth, which, if continued, will wash the culvert out. If logs 
are used, those in the walls should be flattened on two sides to give a good bearing 
and leave no opening greater than 2ins. If there is time to square the timbers, it 
is much better. All timbers should be drift-bolted together. (For drift-bolting, see 
Part II, Bridges.) 
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Stone culverts.—Figs. 15 to 17 show type forms. The stone box culvert, fig. 15, 
is a convenient form when suitable stone can be had. It will usually be laid up 
without mortar. If necessary to economize large stone, the side walls may be built, 
of rubble in mortar or of concrete. Concrete blocks mey also be used for the top. 
For the class of stone usually found in such shapes, the top slabs should be 2 ins, 
thick for each foot of span. For well-made concrete of Portland cement, the same 
thicknesses will do, Concrete blocks should not be loaded within 7 days after they 
are made, 


The side walls should have a thickness of 14 their height, or better 14 the height 
at the top and 2 at bottom. They should be well footed in trenches not less than a 
foot deep, and deeper if the bearing is not firm. The backs of the walls are better 
rough so that the earth can get a good grip on them, and pains should be taken to 
make them so. : 


spree verses The lines and surfaces of the arch and their names are shown 
in fig. 17. 

The best form of arch for culverts is the segmental, which is an are of a circle, 
The rise should be 14 the span, making the radius of the intrados 54 of the span. 


For all masonry except concrete the arch is usually of uniform thickness. To 
determine the proper thickness, add 50 to the span in feet and divide the sum by 50. 
The quotient is the thickness of the arch ring in feet; or, add z, of the span in feet 
tol ft. This rule is given in view of the inferior masonry likely to be built under 
service conditions. A ring of the thickness so determined should be bnilt of selected 
materials laid with all face joints in radial planes. The faces are better perfectly 
true, but if cement mortar is used they need be only approximately so. Stratified 
rocks which break out in fairly uniform thickness may be used without dressing. 
Three-quarters of the stone at least should go through from intrados to extrados. 
Care should be taken to leave no open joints on the intrados, nor any of more than 
84 in, of mortar alone. Greater spaces between stones should be filled with shims 
or spalls coated with mortar and well driven in. All joints should be completely 
filled with mortar. . 


If brick are used, they are laid as indicated in fig. 18. The concentric circles ara 
called rings, and the thickness of brick arches is sometimes given as 3, 4, etc., rings. 
Under the rule given above, a brick: arch will have at least 3 rings. Particular 
attention should be paid to the surfaces between rings, which must be separated by 
a film of mortar in good contact with both surfaces and monolithic, so far as possi- 
ble, with the mortar in the radial joints. 


Spandrel filling.—The stability of the arch requires that it be permanently 
loaded on its haunches. This may be done by depositing any heavy material, bnt 
in small arches is commonly done by continuing the masonry from the outside of, 
the arch ring to a line or curve swept from the crown to the outer edge of the top 
of the abutment. For culverts, the embankment supplies the necessary weight, and 
the main function of the spandrel filling is to give a smooth and regular slope to the 
top of the structure to promote the run off of water. : 


Spandrel walls.—At each end of the arch a wall is built up to the level of the 
crown and in length from out to out of the abutments, It acts to stiffen the arch’ 
and also as a retaining wall for the embankment over it. For wide or very long 
arches there may be interior spandrel walls of similar dimensions, and in small 
arches the masonry may be bnilt up to these lines all along. 


Wing walis.—These are built from the ends of the spandre] walls with a splay 
of about 30°, and act as buttresses for the spandrel walls and aleo as retaining walls 
for part of the embankment left unsupported by the cut made to give access to the 
culvert. The tops of the wing walls are not horizontal, but slope with the earth of 
the embankment. . 


The thickness of wing walls may be slightly less than that of retaining walls, 
The bond with the spandrel wall gives support to the highest part, and the slope of 
the embankment affords relief against great pressure. For brick or fair rubble in 
cement mortar the thickness should be 4 of the height throughout, or yy at the top 
and ¥¢ at bottom, the top, however, to be not less than 18 ins. for rubble and 13 ins: 
for brick. As the height varies, the thickness does also. Determine the thick- 
ness at the spandrel wall and at the toe of the embankment and vary it uniformly 
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from one to the other. The coping may be inclined, fig. 19, or in steps, fig. 20. In 
the former case the stones must be well anchored to the wall to prevent sliding. The 
step form is much- better. - For a high wall the coping will be of uniform width and 
will form a low parapet-on the front edge of the top surface, fig.7, Except-as above 
noted, all the requirements of retaining walls apply to wing walls. 


Concrete arches, on account of their great homogeneity and the ability of the 
material to take tensile as well ascompressive strains, may be of reduced dimensions, 
and the spandrel‘filling is most conveniently combined with the arch ring in a 
monolith. For thickness of crown add 25 to the span in feet and divide -by 5. The 
result will be the thickness at the crown in inches. The extrados is a cylinder 
passing through the crown and the outer top edges of the side walls. Its radius 
will be about equal to the span,and may beso taken. Side, spandrel, and wing 
walls of concrete culverts have the same proportions as for other masonry. 


21. Centers.—All arches must be supported dnring construction and until the 
mortar has set sufficiently to bear ghe pressure. Supports are commonly built of 
wood and are called centers. Great rigidity is mecessary, and all principal 
pieces must be so proportioned that they will take their streases without appreciable 
deflection. Long pieces must have a radial direction so as to be in compression only. 
Short pieces which can be made very deep relatively may be used as beams. The 
foundations of centers must be made with great care so as to be unyielding. In ad- 
dition to precautions iu the construction of centers it is also necessary to build the 
arch simultaneously from both sides aud at the same rate so that the two sides of 
the centers shall always be equally loaded. 


The principal parts of centers are the ribs and the sheathing. The ribs are 
segments of the proper circle, solid or framed, and the sheathing is a covering of 
the ribs to produce the necessary supporting surface. The ribs are proportioned to 
snpport the weight of the arch and are the same for all kinds of arches. The 
sheathing may differ for different kinds of arches. For concrete it muat be with 
tight joints which will not allow thin mortar to fow through. For brick it may be 
More open, with gaps small enough only to prevent a brick from sliding through. 
For stone the sheathing may be still more open. 


For small culverts, centers may be built as shown in fig. 21. For larger arches, 
fig. 24 shows a convenient construction. The radial supports will vary in number 
according to the size of the arch, The points supported on the ribs need not be less 
than 3 or 4 ft, apart. Tho distances between ribs will be 2 to 3 ft., depending on 
the thickness of the sheathing. 


. 22, Laying out centers.—For small arches lay down the material of the ribs 
and strike the curves of the centers with a radius. When this method is not con- 
venient, make a template or pattern: On the edge of a board or along a straight 
line drawn near the edge lay off in each direction from the middle, spaces of 6 ins. 
each. At each of the points so determined draw a perpendicular to the edge or line, 
and on these perpendiculars lay off the ordinates given in the following table for the 
span adopted,. The ordinates in the top lines are to be used unless the bottom of the 
plank is to be the chord of the arch, in which case the bottom lines will do equally 
well. The points so laid off are on the curve of the arch, which should be drawn 
through them by a flexible rule or.spline bent to touch them all at the same time, 
fig. 21. Shape the edge of the board to the curve, and using it as a pattern scribe 
the others. Planks 2% 12ins: are very convenient. material for ribs. From the 
table it will be seen:that sich a plank will cut the whole rib for a 3-ft. arch, and by 
adding a 3-in. strip on ‘the top edge, it will give a rib for a 4-ft. arch. For larger 
arches; build up the-ribs by putting segments end to end with a close bearing and 
fasten.them with other segments put on as fish plates, fig. 23. The end bearings 


should not be lesa than 3-ins... 
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23. Middle and side ordinates for segmental arches with rises =14 span, 
Ordinates in top lines measured from the tangent; ordinates in bottom lines meas 
ured from the chord. 


Rise Ordinates in feet at distances from middle of— 
or : 
Ra- | mid- 
is dius. } dle 
2. ordi- | 0.5 | 1.0 | 1.5 | 2.0 | 2.5 | 3.0] 3.5 | 4.0 | 4.5 15,0 
Hn nates. 
0.06 | 0.36 | 0.75 e 
3 | 1,87 | 0.75 | 0.69 | 0.39 | 0.00 
0.05 | 0.21 | 0.60 | 1.00 
4 | 2.50 | 1.00 | 0.95 | 0.79 | 0.50 | 0.00 
0.04 | 0.17 | 0.42 | 0.78 | 1.25 
5 | 3.12 | 1.25 | 1.21 | 1.08 | 0.83 |. 0.47 | 0.00 
0.03 | 0.14 | 0.31 | 0.49 | 0.95 | 1.50 
6 | 8.75 | 1.50 | 1.47 | 1.36 | 1.19 | 1.01 | 0.55 | 0,00 
0.03 | 0.10 | 0.23 | 0.42 | 0.67 | 1.00 | 1.50 | 2.00 
8 | 5.00 | 2.00 | 1.97 | 1.90 | 1.77 | 1.68 | 1.33 | 1,00 | 0.50 | 0.00 
0.02 | 0.08 | 0.18 | 0.33 | 0.52 | 0.77 | 1.18 | 1.45 | 2.15 | 2.50 
10 | 6.25 | 2.50 | 2.48 | 2.42 | 2.32 | 2,17 | 1.98 | 1.73 | 1.32 | 1.05 | 0.35 | 0.¢0 
0.02 | 0.07 j 0.15 | 0.27 | 0.43 } 0.62 | 0.87 | 1.16 |.1.50 | 1.91 
12 | 7.50 | 3.00 | 2.98 | 2.93 | 2.85 | 2.73 | 2.57 | 2.38 | 2.13 / 1.84 | 1.50 | 1.09 
0.01 | 0.07 | 0.13 | 0.23 } 0.36 | 0.53 | 0.73 | 0.97 | 1.37 | 1.87 
14 | 8.75 | 3.50 | 3.49 | 3.43 | 3.37 | 3.27 | 3.14 | 2.97 | 2.77 | 2.53 | 2.13 | 1.98 
0.01 | 0.05 | 0.11 | 0,20 | 0.32 | 0.46 | 0.63 | 0.83 | 1.07 | 1.34 
16 /10.00 | 4.60 | 3.99 | 3.95 | 3.89 | 3.80 | 3.68 | 3.54 | 3,37 | 3.17 | 2,93 | 2.68 
0.01 | 0.05 | 0.10 | 0.19 | 0.28 | 0.42 | 0.55 | 0.75 | 0.96 | 1.16 
18 |11.25 | 4.50 | 4.49 | 4.46 | 4.40 | 4.31 | 4.22 | 4.08 | 3.95 | 3.75 | 3.55 | 3,35 
| 0.01 | 0.04 } 0.09 | 0.16 | 0.25 | 0.36 | 0.50 | 0.67 | 0.84 | 1.05 
20 |12.50 | 5.00 | 4.99 | 4.96 | 4.91 | 4.84 | 4.75 | 4.64 | 4.50 | 4.33 | 4.16 | 3.95 


24. Pipe calverts.—Vitrified clay, concrete, and cast-iron pipe culverts should, 
if possible, he laid on a carefully prepared foundation of broken stone, gravel, or 
concrete, shaped to the curve of the lower part of the pipe, which should rest evenly 
and solidly on the foundation from end toend. The earth filling should be thor- 
oughly compacted around the lower part of the pipe, using water if B irareriee but 
should be left loose around the upper part. Jt has been demonstrated that thorough 
under-tamping trebles the strength of concrete pipe. The top surface of earthen- 
ware pipes should be not less than 18 ins. below the surface of the roadbed. Ttis 
better to have the joints tight. Clay, or cement mortar may be used for packing. 
Care should be taken in laying to have the epigots enter the bells to the full lengti 
Oakum, rope, graes, or any available material may be put in firstand rammed 
the bottom to prevent the packing material from running through into the pipe. 
Pipe culverts should run dry when the flow ceases. They should have an average 
fall of not less than 1 in 72 for vitrified and 1in 225 for cast-iron pipe, The fall 
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should not be uniform, but should increase slightly from the upper to the lower side, 
giving the pipe a camber which will prevent the formation of pockets by settlement. 


The ends of pipe culverts should be protected by head walls. These may be of 
rubble or brick masonry, or for temporary purposes of wood, figs. 25 and 26. 


Vitrified pipe is made in 2 and 3 ft, lengths; the former is the standard market 
length. Up to 2 ft. in diameter it usually comes in bell-and-spigot form. Larger 
sizes are ordinarily in cylindrical form with rings of the same material to cover the 
joints. The trade designation of vitrified and cast-iron pipe is the inside diameter. 


Cast-iron pipe is made in 12 ft. lengths, and is bell and spigot for all sizes. 


Concrete pipe, if used, will be made on the site. The thickness should be 1 in. 
for all up to 12 ing. diam. Above 12 ing,, a thickness of 7, the diameter. 


25. Surfacing.—It is of great importance to keep the surface of earth roads smooth 
and free from ruts as far as possible. During continuous rainy weather it is usually . 
not practicable to do this, but as soon as the road has dried out enough to permit it, 
the surface should be gone over and the ruts and other depressions filled up. If this 
ig done, the mud from the next rain will be very much less, and by attention to thia 
simple expedient a road that would be constantly bad with intermittent rains, can 
be kept good most of the time. An excellent opportunity for such work arises when 
a badly cut road is lightly frozen, and especially just as the frost is beginning to 
come out of the ground. 


The work may be done by men with picks and shovels, or by the use of harrows 
and scrapers drawn by animals. A good farm harrow gives excellent results. A 
scraper may be improvised by putting a tongue on a piece of heavy plank, and a 
ateel shoe on ita lower edge, fig. 27. A railroad rail ia said to make an excellent 
scraper, A team 1s hitched to each end. For soft mud a drag which will do much 
good is made by splitting a 12-in log in halves, placing them round sides down on 
the ground 214 ft. apart, and nailing cleats across their flat sides, See par. 25a, p. 267. 


The scraping grader is a scraper mounted on wheels and adjustable as to 
height. It hangs obliquely over tho road, the onter end in advance, so that the sur- 
plus earth is pushed toward the center, With such a machine on hand, the manner 
of using it will be obvious, One may be improvised by hanging the heavy plank and 
steel shoe shown in fig. 27 under the bed of an ordinary wagon. 


26, The quality of the earth has a great influeuce upon its behavior in a road. 
Clay compacts well but will not drain. Sand drains well but usually will not pack. 
There are some exceptions to this rule, notably among the volcanic sands of the 
Philippine Islands, which are sharply angular in grain and do pack well enough to 
make a fairly good road metal. It is also to be observed thatsand packs under pres- 
sure when damp, and that sandy roads are usually better in wet than in dry weather, 
for which reason nothing is done to promote drainage of very sandy roads. A road 
which is too sandy may be improved by an admixture of clay, and conversely. 
Gravel, with a certain proportion of clay, makes an excell4nt road. The comhination 
is similar to that which produces the hardpan, sometimes found in excavations, 


27, A road good in all conditions of weather can be obtained only by the 
introduction of materials other than earth. These materials must be of such char- 
acter that they will offer a bearing surface not affected by moisture, and of such 
thickness as will distribute the load so that the soil below can bear it without com- 
pression, It is also requisite that the surfaco be smooth enough for easy traction 
and rough enough to give a footing for animals, Such constructions range from 
the simplest expedients of road making to the highest class of street pavements. 


Corduroying is done by laying logs crosswise of the road and touching each other. 
The result will be better if the logs are nearly of the same size. The butts and tips 
should alternate. If the logs are large the spaces may be filled with smaller poles. 
The bottom tier of logs should be evenly bedded and should have a firm bearing at 
the ends and not ride on the middle. The filling poles, if used, should be cut and 
‘trimmed to lie close, packing them about the ends if necessary. If the soil is only 
moderately soft the logs need be no longer than tbe width of the road. In soft 
marsh it may be necessary to make them longer. 


The logs may be utilized as the wearing surface. In fact this is usually the case. 
They make a rough surface, uncomfortable for passengers and hard on wagons and 
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loads, but the resistance to traction is much less than would be expected, and the 
roughness and slightly yielding surface make excellent footing for animals. Surface 
corduroy is perishable and can last but a short time. In marshes, where the logs 
can be placed below the ground-water level, they are preserved from decay, and, if 
any suitable material can be found, to put a thin embankment over them, a good 
permanent road may be made. 


Any tough, fibrous material may be used to temporarily harden the surface of a 
road, Hay or straw, tall weeds, corn and cane stalks have been used to good advan- 
tage. Such materials should be laid with the fibers crosswise of the road, and. cov- 
ered with a thin layer of earth, thrown on from the sides; except in sand, when it is 
better to dig a shallow trench across the road, fill it with the material and then dig 
another trench just in front of and in contact with the first and throw the sand from 
it back onto the material in the first trench, ete. 


28. Plank roads are built by laying lines of sleepers about 4 ft. apart, well bedded 
and breaking joints, and nailing to them cross planks 2 or 3 ins. thick and 9 to 12 
ins. wide, figs. 28 and 29. Each line of sleepers should be doubled and composed of 
pieces 4 x 6 ins, laid flatwise and 2 or 3 ins. apart, breaking joints, The planks should 
have 2 spikes in each end and should be laid 14 in. apartif dry. If wet, they may 
be laid lightly touching. The length of plank will depend upon the amount and con- 
dition of traffic. If all one way, or if return traffic is mainly of empties, 2 lines of 
sleepers and 8 ft. plank will answer. If loaded traffic is heavy in both directions, 
there should be 4 lines of sleepers and planks 14 ft, long, fig. 30. The interior sleep- 
ers need not be double. Planks should be offset in blocks of about 20 to facilitate 
getting back a wheel which has run off the road, 


When suitable timber is plentiful and sawmills are at hand, a good road for all con- 
ditions of weather can be made easily and quickly as above described. It is neither 
muddy nor dusty, and is easy on loads, wagons, and animals. » 


29, Charcoal roads have been built through swampy forests by piling logs longi- 
tudinally on the line of road and burning them into charcoal, which is raked down 
to 2 ft. thickness in the middle and 1 ft. at the edges. The logs may be 12 to 24 ft. 
long, in piles 6 or 6 ft. high, 9 ft. wide at the bottom, and 2 ft. wide at the top. The 
piles are covered with straw and earth and burned with a restricted airsupply. Good 
draft should be permitted until the pile is well ignited, when all air openings at the 
bottom should be closed. : 


30. Gravel, to form a good road covering or metal, must have enough binding 
material to cause the pebbles to pack and remain in place under traffic. The mate- 
rial from ordinary deposits or pits of gravel will usually make a fair road. That 
from beaches and streams will not, unless binding material is supplied. If there is 
a considerable proportion of stones larger than 4 ins. diameter they should be 
broken up or excluded. For graveland forall other metal roads, the roadbed is firat 
brought to the shape and condition described for an earth road, but at a grade lower 
than the proposed surface of the road by the thickness of the metal. This lower 
grade is called the subgrade. In excavated roads and those formed by crowning 
on the natural surface, the subgrade is formed at the first operation. For roads on 
embankments, it is. better to bring the fill up to the final grade, and then, just 
before putting on the metal, excavate to subgrade, forming a trough or box in 
which to deposit the metal. 


The first or bottom course of gravel should be about 4 ins. thick and should be 
well compacted by travel or by rolling before the next layer is deposited. The fol- 
lowing courses should be of the same thickness, each compacted as laid. The net 
thickness of 3 such layers will be about 10 ins. and will make a good road of the class. 


31. Broken stone and crushed stone are terms applied to angular fragments 
of stone made by breaking up larger pieces either by hand hammers or by power 
crushers, The stone should be hard and tough and not very absorbent. Trap is 
the best; granite is good at first, but disintegrates rapidly; sandstone is deficient in 
binding qualities. Limestone has excellent binding properties, but is generally soft 
and wears rapidly; it is, however, the materia] most used in stone roads because 
more.plentiful than stone of better quality. 


Broken stone is classed according to the largest dimension in ins. of its 
largest pieces, The test of size is that the largest piece shall pass freely, in any 
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position, through a ring of a certain diameter. The largest size commonly used in 
Toad making is 244 ins., meaning that the largest piece can not fail to pass through 
as ring of 244 ing. diameter. The smallest usual size is 44 in. Sometimes double 
limits are imposed, as that all shall pass through a 2%4-in, ring and none through a 
1¥4-in. ring. The run of the crusher means all material which comes from the 
crusher not exceeding the specified size. Stone broken by hand can not be graded in 
sizes. It is considered by some that hand-broken stone is superior on account of the 
more nearly cubical shape of the fragments and the less quantity of small pieces, 
The advantage, if any, is not enough to outweigh the greater rapidity and economy 
of machine breaking. Hand breaking will be used only when there are no crushers 
and plenty of labor. 


For breaking stone by hand the best hammers are of steel in the form of a circular 
disk, of 2 to 3 lbs. weight, with rather long handles. 


Broken stone is measured by the ton or by the cubic yard; by the ton, wher 
it can be passed over scales or measured by displacement of vessels; otherwise by the 
yard, Forarade comparison, the cubic yard and the long ton may be taken as 
equivalent, 


32. Macadam roads are made of broken stone deposited on the natural sur 
face, or preferably on a properly prepared subgrade and compacted by traffic or by 
rolling. For military roads, compacting by traffic will be the rule, and by rolling 
the exception. Better results will be obtained if the stone is put on in two layers, 
the lower one compacted before the upper one is spread. If graded stone is to be 
bad, use 224-in, for the lower course and 114 or 2 in. for the upper. When com- 
pacted by traffic, the thickness of the lower course, wheu first spread, must be enough 
to prevent the wheels cutting through it. Ifthe foundation is dry and hard, 4 ins. 
will be right. If the foundation is yielding, a greater thickness will be necessary, 
and it may happen titat all will have to be put on at once to carry the traffic while 
compacting. On a4-in. bottom layer, a 3-in. top course may be spread. 

The width to be stoned or metaled’ wil! depend upon the conditions of the 
Moment. Ten ft. will do for a single line of wagons, or 16 ft. for a double line. If 
the traffic in one direction is light, the width may be increased with the same 
amount of stone by limiting the bottom layer to the middle and extending the top 
layer out on the sides, Such extensions are called wings. ‘This disposition re- 
quires that the earth of the roadbed shall be of excellent quality. 


If the traffic can be distributed over the entire surface of the stone, it will be much 
better. If the wagons track and quickly wear down 2 ruts, they should be filled up 
by raking in stones from the sides, 


33. If time, materials, and appliances are available, a high-class macadam 
road may be built as follows: Prepare the subgrade and compact it thoroughly by 
rolling. Tay a bottom course 6 ins. thick of 214-in. to 2l4-in. stone and roll it 
down to 5 ins. or less, leaving it smooth, even, and true to grade, 


Lay a top course 4 ins. thick of 14-in. to 134-in. stone and roll it down to 3 ins. 
and leave the surface aa before. : 

Spread a layer of screenings from the same stone just thick enough to cover the 
projections of the top course, water and roll until to grade and so compact that no 
material can be picked up. 


34. Telford roads are made by covering the subgrade with a layer of medium- 
size stones laid by hand, larger face down and in close contact, and filling the inter- 
stices with chips snugly set with a amall hammer. On this foundation a layer of 
broken atone ia laid and compacted as described for macadam, fig. 31. Well-made 
telford will probably stand on ground too soft and wet to carry macadam of reason- 
able thickness. It may also be preferred if the large stones are easily obtained and 
hand breaking is necessary. : re 

In all work with broken stone, the compacting ia more rapid and effective when 
the stone is wet. When roads are compacted with rollers it is worth while to arrange 
for a thorough sprinkling just in advance of the machine. ; 

In using a roller it is best to roll the sides first so that the compacted sides may offer 
lateral resistance to prevent the material in the center spreading out when the roller 
passes over it. For efficient service, the roller should be not Jess than 4 ft. diam. nor 
weigh less than 1 ton to the foot of length. 
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35. Other kinds of pavement, wood or stone block, brick, and asphalt are con- 
structed on the same principles but require special materials, machinery and appli- 
ances, skilled labor; and expert superintendence. 


36. Noninterruption of traffic.—The methods, and to a certain extent the plans, 
will he affected by the necessity of keeping the road open for use during the work of 
repair or reconstruction. Generally, the system will be adopted of doing one side at 
atime. Sometimes a new road may be built alongside the old one, or a temporary 
road may be opened for use while the old one is repairing. The result, in any case, 
will be to discourage changes of grade, and to cause cuts and embankments to be 
made in horizontal layers along the whole length and not to the fnll height or depth 
at once as would otherwise be done; to cause side cuttings in wet weather to be all cut 
and no fill, and to encourage preparation and distribution of materials along the road 
ready to be put on quickly. 


37. Location.—Much military road work, especially of repairs, will be done under 
conditions which will make instrumental location impossible. When it can be done, 
it will be advantageous to mark the center line with stakes at intervals of 100 ft., or 
less if the ground is irregular, and to mark the grade on each stake. If levels aro 
not run the grade can be marked by tbe eye. From the center stakes side stakes 
may be set to mark the outer edges of the side ditches, Lines stretched on the center 
and side stakes will be of assistance in getting the true lines and grades quickly. If 
the side lines are stretched parallel to the grade, they will be at a uniform distance 
above the bottom of the side ditches, and can be used as guides in finishing the latter. 


In tbe location of a new road more instrumental work is desirable. The gen- 
eral line will be laid down ona map. This line will be run out on the ground, cor- 
recting obvious difficulties, marked by stakes 50 or 100 ft. apart, and the height of 
ground at each stakedetermined. The slope of the ground at right angles to the line 
will be noted at every stake, as also the distance of any obstacles on either side which 
would make it difficult to shift the line. The character of the soil will be carefully 
noted. 


From these notes a profile of the ground will be made with suitable horizontal 
and vertical scales (see Reconnaissance). On this ground profile, a profile of the 
road will be laid down. This profile will follow the natural surface so long as ro 
heavy grades result. When the grades are too steep, the notes will be consulted to 
see if grades can be reduced by shifting the line to oneside. 1f this can not be done, 
the road profile will be so drawn as to make the cuts and fills equal in volume, The 
locations of bridges and culverts will be noted on the profile, as also the lengths 
requiring especial treatment, as corduroying, etc. 


Having fixed the lines and grades, determine the cuts or fills at the stakes and the 
lateral deviations of the line, if any are decided upon, and go over the ground again, 
staking out the changes in the line and marking on each stake the cut or fill in feet 
below or above its top. The usual method is to write cut or fill, or C for cut and 
F for fill, with the figures indicating its amount immediately below. 


’ 38. Side stakes are those used to mark the intersections of the side slopes of cuts 
or embankments with the natural ground surface. They are set on each side of the 
center stakes on lines at right angles with the traverse. Their distances from the 
center stake, called side distances, d, and dj, fig. 32, depend on the depth of cut or 
height of fill, width of bottom or tup, slope of sides, and the transverse gradient 
of ground surface. 


Thé vertical distances from the ground surface at the side stakes to the level of 
top of embankment or bottom of cut are called side heights, h, and hy, fig. 32. 


If the ground is level, the side distances are the same and are equal to }4w-+es, 
in which w= the width of top of embankment or bottom of cut; c=the center cut or 
fill, and athe number of unita horizontal to 1 unit vertical in the side slopes. 


_lf the ground slopes from the center to the side stakes, the determination of side 
distances and heights can not be directly made by any formula simple enough to be of 
practical use, The relation is d.—34w+h,8, which is not determinate, because d, and 
h, are not independent of each other. The method of trial and error must be used by 
applying the following rule: Estimate the side height and work out the side distance 
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by the formula d,—14w-+h,s, or d=l4w-+ds. Measure off the resulting distance to 
right or left of the center stake and take the ground level at the point found. It it ig 
the same as the estimated level, it is correct and the stake may be driven, If the 
measured elevation is greater than the estimated, multiply the difference by the 
slope ratio and add the product to the trial side distance. If the measured eleva- 
tion is fess than the estimated, multiply as before and subtract the product from 
the trial side distance. Lay off the new distance for the second trial side distance 
and repeat the operation. A little practice will enable a sufficiently correct result to 
be got at the first trial. Side staking will not often be necessary for military roads, 


39. In metaling a road, much more attention to lines and grades is necessary. 
After the grading Is finiehed, center and side stakes should be set and marked with 
grade and subgrade instrumentally determined. 


40. Curvature. —Horizontal curves for changes of direction can be put in by the 
eye with sufficient accuracy. Run out the 2 tangents to poiuts beyond where the 
curve will leave them. Select on each a point where the curve is to begin and set 
stakes at these poiuts. Lay a line loosely between the stakes and with small pickets 
5 ft. apart throw the line intoa curveand shift the pickets until the curve is fairand 
on the desired ground, letting out or taking up the length of the line accordingly as 
it proves to be too short or too long. If the curve can be made level, it is better to’ 
do it; if not, the roadway must be widened to permit long teams to straighten out 
and pull, fig. 33. This is important for mountain roads, which combine steep grades 
and short turns. If the width of the road outside of the center line is made equal 
to 1,600 divided by the radius of curvature in feet, it will be wide enough for an 
8-mule team. If the radius of curvature exceeds 200 feet no widening is required. 


To find the radius of a curve which has heen staked out, stretch a string from any 
stake to the 3d, Sth, or 7th stake in either direction and measure the distance from 
the string to the stake opposite its middle point. This distance is called a middle 
ordinate, The radius of curvature ia feet is the length of the string in feet 
squared, divided by 8 times the middle ordinate in feet. The stakes must be equi- 
distant. : : 


41. Intersections of rising grades should be flattened so that the rise on either 
side shall not exceed 2 ft. in the last 100 ft. All abrupt changes of grade should be 
softened. This can be done well enough by the eye. If not done in construction, it 
will soon be done by the weather and traffic. 


42. Estimates for earthwork.—The calculation of quantities in excavations 
and embankments will usually be for balancing cuts and fills, and for making requi- 
sitions for men, teams, and tools. For these purposes a simple rapid method giving 
approximate resulta is best. 


Volumes are derived from the areas of cross sections of the cut or embankment 
and the distances between them. The distances can he directly measured, and to 
any desired accuracy. The uncertainty in the volume resides entirely in the deter- 
mination of the cross-sectional areas. The cross section to be multiplied by any dis- 
tance to deduce a volume is assumed to be the average cross section for that distance. 
The more uniform the ground the easier will he the measurement of any section and 
the fewer sections will be necessary in a given distance to get a fair average. Expe- 
rience has shown that for ordinary ground the average section for 100 ft. in 
length is very nearly one-half the sum of the actual sections at the ends of the same 
100 ft. The difference is so small that it may be ueglected when the end areas do not 
differ widely in size and the ground between changes regularly from one to the other. 


43. When the ground has no transverse slope the sections are called level sec= 
tions. For these the area depends upon the center cut or fill, the bottom or top. 
width, and the slope of the sides. Volumes per 100 ft. of line for level sections, with 
center cuta or fills of 1 to 24 ft. and widths of 16, 18, 20, 22, and 24 ft. and side slopes 
of 1 to 1,144 to 1,and 2 to 1 are giveninTahle II. To use this table it is only neces 
sary to know the center cut or fill, the width, and the side slopes, and of these only 
the first requires a measurement on the ground. For preliminary estimates, the 
averagecut or fill for the entire length of a cutting or embankment may be used, and 
the resulting volume per 100 ft. taken from the table may be multiplied by the num- 
ber of hundreds of feet in the entire distance for the total volume. 
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‘44, Volumes.in cubic yards of sections 100 ft. long of cuts or embankments on 
level ground with side slopes of 1 to 1: 


Width of base of cut or crown of fill in feet. 


Center cut 
orfillin |—— 

feet. 14. 16. 18. 20, 22, 

1 56 63 70 78 85 

2 119 138 148 163 178 

3 189 211 233 256 278 

4 267 296 826 856 385, 

5 352 389 426 463 500 
"6 444 489 533 578 622 

7 544 596 648 700 752 

8 652 711 770 830 889 

9 767 833 900 967 1,033 
10 889 963 1, 087 1,111 1, 185 
un 1,019 1,100 1,181 1, 263 1,344 
12 1, 156 1, 244 1, 333 1, 422 1,511 
18 1, 300 1, 396 1, 493 1, 589 1, 685 
4 1) 452 1,556 1, 659 1, 763 1, 867 
15 1611 1, 722 1, 833 1,944 2 055 
16 1778 1, 896 2,015 2,133 2) 251 
WW 1) 952 2,078 2, 204 2, 380 2) 456 
18 2,133 2, 267 2, 400 2,583 2) 666 
19 2, 322 2, 463 2, 604 2, 744 2} 885 
20 2,519 2, 667 2,815 2, 963 3,111 
21 2,722 2, 878 8, 033 38,189 8,344 - 
22, 2,983 3, 096 8, 259 3, 422 3, 685 
23 3) 152 8, 322 8, 493 3, 663 8, 833 
24 3,378 38, 556 3,733 3,911 4, 089 
25 3,611 3, 796 3, 981 4, 167 4, 352 


sides forward and 2 or 3 ft. apart, connected by crosspieces. 


ADDENDUM, 1907. 
25a. 1f the material ia friable, the halves of the log may be placed on edge, flat 
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TABLE J1—Continued, 


Volumes in cubic yards of sections 100 ft. long of cuts or embankments on level 
ground with side slopes of 144 to 1: 


Width of base of cut or crown of fill in feet. 


Center cut 
or fillin 
feet. 14. 16. 18. 20. 22. 24, 
1 BT 65 72 80 87 94 
2 126 141 156 110 185 200 
3 206 298 250 212 294 316 
4 296 326 356 385 415 444 
5 398 435 472 509 546 588 
6 511 556 600 644 688 733 
7 635 687 739 791 843 894 
8 770 830 839 948 1,007 1, 066 
9 \ 917 983 1, 050 1,116 183 1249 
10 1,074 1,148 1, 222 1) 296 1,370 13444 
il 1) 243 1) 324 1 406 1) 487 13568 ‘| 13650 
12 1) 422 511 1; 600 1} 684 1,778 1 866 
B 13613 1,709 1; 806 1; 902 1; 998 2 094 
14 t 13815 1.919 2) 022 2) 126 2; 280 2,384 
15 2) 028 2).139 2) 250 2 361 2.472 °| 22583 
16 2) 252 2) 870 2) 489 2; 607 2) 725 2) 844 
17 2) 487 2) 613 2) 739 2; 865 2) 991 3117 
18 2,738 2) 867 3,000 3,138 3, 268 3) 400 
19 2; 991 3,131 |. 3,272 3,413 3,554 3) 694 
20 3,259 3,407 3,556 3,704 3) 852 4,000 
21 3,589 3,694 3,85) 4, 005 4161 4,318 
22 3) 830 3,993 4) 156 4)318 4) 481 4,644: 
23 4,131 4, 302 4,472 4) 642 4,812 4.983 
24 4) 444 4) 622 4,800 4,978 5) 156 5, 833 
25 4,769 4) 954 5, 139 5,324 5, 509 5, 694 
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TasLe [I1—Continued. 


Volumes in cubic yards of sections 100 ft. long of cuts or embankments on level 
ground with side slopes of 2 to 1: E 


Width of base of cut or crown of fill in feet. 
Center cut ° 
or fill in 
feet. 14. 16. 18, 2. | 22, 24, 
x 
1 59 67 14 81 88 96 
2 133 148 163 178 193 207 
3 222 244 267 289 311 333 
4 328 358 385 416 444 474 
5 444 481 519 556 593 - 630 
6 578 622 667 711 155 800 
7 726 T78 830 881 933 985 
8 ° 889 948 1, 007 1, 067 1,126 1,185 
9 1,067 1, 133 1,200 1, 267 1, 333 1,400 
10 1, 259 1,333 1,407 1,481 1, 555 1, 629 
ll ‘| 1,467 1,548 1,630 1,711 1,792 1, 874 
12 * 1,689 1,778 1, 867 1, 956 2, 045 2,133 
13 1, 926 2, 022 2,119 2,215 2,311 2, 407 
14 2,178 2, 281 2,385 2,489 2,593 2, 696 
15 2,444 2,556 2, 667 2,778 2,889 3, 000 
16 2, 726 2, 844 2,963 3, 081 3, 200 3, 318 
17 3, 022 3, 148 3,274 3,400 * 3, 526 3, 652 
18 3,333 3, 467 3, 600 3, 733 8, 866 4, 000 
19 3, 659 3, 800 8,947 4, 081 4, 222 4, 362 
20 4,000 4,148 4, 296 4, 444 4, 592 4, 740 
21 4, 356 4, 511 4, 667 4, 822 4,977 5,133 
22 4,730 4, 889 5, 052 5, 215 5, 378 5, 541 
23 6,111 5, 281 5, 452 5, 622 5, 792 5, 963 
24 5,511 5, 689 5, 867 6, 044 6, 222 6, 400 
25 5, 926 6,111 6, 296 6, 481 6, 666 6, 861 


45, For ground which has a lateral slope another variable must be intro- 
duced, for with a given depth, width, and side slopes the area will not be the same 
for different ground slopes. For every such section there is a level section of the 
same area, and having the same bottom width and side slopes. This is called the 
equivalent level section. If the ratios between the depths of oblique sections 
and their equivalent level sections are known, the areas of the oblique sections can 
be taken from the foregoing table. 


The ratios between center cuts or fills of oblique sections and the center cuts 
or fills of the equivalent level sections are given in the following table in per- 
centages, by which the actual center cut or fill of the oblique section must be 
increased to produce the center cut or fill of the equivalent level section. The 
table gives values fur transverse gradients of 15 tol to 5 to 1, and for side slopes of 
1 to 1, 134 to 1, and 2 to 1. 


To use the table, take from the line corresponding to the gradient and the column 
corresponding to the side slope, the percentage factor, and increase the center cut or 
fill by this percentage. The result will be the depth of the equivalent level section. 
With this increased depth enter the table of level sections and take out the volume 
for a length of 100 ft. This method will give results correct to 14%, corresponding to 
an accuracy in the levels of ¢, ft. in 20 ft. 
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Tape III. 


48. Percentages to be added to center heights of. sidehill embankments and 
cuttings to obtain the center height of the level section of equal area:. eh en es 


Side slopes of cut or em-, 


bankment, 
Transverse gradient of ground surface. 
‘ 
14 tol.) 2tol. 
0.03 0, 04 
+08 4 
04 05 
04 06 
05 . 08 
OT 09 
08 12 
oan 14 
+14 19 
19 XT 
2T 41 


47. To balance the cut and fill in a side cutting the center line should be run 
so that there will be a slight cut along it. This will give a small excess of volume 
of cut over volume of fill, which is desirable. 


48. Handling earth.—The excavation of a mass of earth and its formation into an 
embankment may be classified into loosening, loading, hauling, and spreading. 

Loosening with a Blow will require 2 horses, 2 men, and a plow for each 40yds, 
per hour. If very hard, 4 horses will be required for the plow. With picks, t:man 
for each 40 yds. per day, or 10 men equal 1 plow. 


Loading material into carts or wagons will require 1 man for each 2 yds. per 
hour. All other loading is included as a part of the hanling,. , 


“The haul or lead is the distance to be traveled from the point of loading to the’ 
point of dumping. The mean haul is the quantity usually conaidored, and is the 
distance from the center of gravity of the cut or excavation to the center of gravit; 
of the fill. : 


The following table gives the yardage made on various leads for wagons, carta} 
wheel and drag. scrapers, wheelbarrows and boxes, or other improvised facilities: 
The load units assumed.are 1 yd. for wagons, 44 yd. for carts and wheel ‘scrapers,’ 
% yd. for drag acrapers, 7; yd. for wheelbarrows, and gy yd. a6 load for 2 men; 
carried in a box or otherwise. 
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49. Yardage of earth which can be handled per hour in different conveyances: 


Yardage per hour per conveyance for hauling in— 


Length of haul in feet. Carts or Drag | Wheel- | In tubs 


Wagons.} wheel 
scrapers. | barrows. jor bo = 
ers, r boxes, 


1 
i-J 
o 
{ 
HR 
Sper 
ibttetett Gpa@mea 


SSS rrE NN 
MTOM TOON 


WE 1 90.7 G0 BS 
WROMNDURNROO 
DNDN 0 09 60 im ET 


A wagon should be loaded in 4 mins. or less and a cart in 2 mins. or less. There 
should be at least 6 shovelers for each wagon at each loading point, and at least 3 for 
each cart. One gang of shovelers should not be required to load more than 10 wagons 
es carts per hour. 


Wepons for hauling earth should have the ordinary box replaced by a bed 
formed of side boards, front and tail gates, and a bottom of scantling about 3 x 4 ins. 
not fastened together. The side boards should. have cleats on the outside to take the 
standards of the bolsters, and other cleats on the inside to receive the head and tail 
gates. The pieces of the ‘bottom should have cleats on the underside to take the rear 
bolster. To dump a load from such a wagon the ends are first removed, then one 
side board is raised and dropped dgwn on the hubs outside the bolster. Beginning 
on this side, the bottom pieces are pulled up one at a time, allowing the dirt to sift 
through. For dumping wagons there should be 2 men at each dumping point, and, 
if provided with shovels, they should be able to take care of the spreading. 


Carts and scrapers are dumped by the driver and deposit the entire contents in 
one pile. For this kind of hauling, spreaders should be provided at the rate’ of ‘1 man 
for each 10 yds. per hour. 


Example.—Having a cut to make 400 ft. long with an average center depth of 10 
ft.-and a bottom width of 18 ft., side slopes of 2 to 1, and a transverse ground slope of 
10 to 1; the material to be placed i in an embankment 600 ft. long adjacent to one end 
of the ‘cuts the work to be done in 24 hours; material to be handled, a light loam. 
What requisitions should be made? 


' From Table ITI take the coefficient corresponding to2 tol and 10 tol slopes, 0.09, 
and add this percentage to the actual depth 10 ft., giving 10.9 ft. or say 11 ft., depth 
of equivalent level section, From Table II for level section of 11 ft. cnt, 18 ft, wide, 
and 2 to 1 slopes, take the quantity 1,630, which is the yardage in 100 ft. of the cut, 
giving 1,630 x 4 = 6,520 for the total yardage’ to be handied. : 


F ‘Loosening will requiré 2 ‘horses, 1 plow, and ‘2 men for each 40 yds. per’ hour, or 
6,520 + 40 = 163 hours for tha whole, which will require 163 + 24’=.7 plows ‘to do 
the work ini 24 hours. If 7 plows can not be had, substitute 10 men with picks for 
‘éach plow short. If no plows are to be had, “70 men with picks will.be needed.: 

“The mean haul will be 400 + 600 + 2= 500 ft. Table 1V shows that this can 


best be done with wagons, and that each wagon will take care of 6.7 yds. per hour 
at that distance, or 160 yds. in 24 hours; hence 6, 1920. -+ 160 = 41 wagons. A 
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wagon and a half will haul 10 loads per hour, and hence there should bea loading 
gang for each wagon and a half, or 27 gangs of 6 men each equal 162 men, with 
shovels for loading. : 
Dumping and spreading will require 10 inen with shovels, The total force work- 
ing continuously will be: : 


. Number] Number of | Number 
Kind of work. of men. tools. of ani- 
mals, 
Loosening 14 | T plows...___ 14 
or if without plows 70 | 70 picks __. 
Loading ____. 162 | 162 shovels __ 
Hauling -- 41 | 41 wagons __ 


Spreading___. 10 | 10 shovels 


Total, 227 men and 96 animals if plows are used; or 283 men and 82 animals if 
picks are used. 


To supply this force for continuous work for 24 hours, there should be at least 
1,000 men and 200 animals. : 


50. Estimating rock.—The principles are the same as for earth, but the surfaces 
are likely to be Jess regular, and greater accuracy is desirable on account of the 
labor of excavation. On the other hand, the side slopes, which in rock may he nearly . 
vertical, introduce much less difficulty in computation than the flatter earth slopes, 
It is best to give the side slopes in rock a slight batter. Cross sections should be 
measured at distances of 25 ft. or less. If irregular, it will be best to plot the crosa 
sections on paper and measure the area by squares. (See Reconnaissance.) 


If cuts and fills are to he made in rock, it must be remembered that the broken 
rock in the fill will occupy 75% more volume than the same rock did in place in thé 
eut, but the slopes of the rock fill will be flatter than the walls of the cut and the 
crown may be wider. It is safe to assume that the rock taken from a cut will make 
an embankment of the same average width and height and 50 % longer. 


51. In handling rock much depends on its hardness and stratification. Some rock 
can be pried out with crowbars, but as arule blasting and wedging will be necessary. 
The frequency, depth, and direction of drill holes, and the sizes of charges will de- 
pend on the nature of the rock. For all that relates to the use and handling of 
explosives for this purpose, see Demolitions. As a rough rule for estimating, allow 
34 |b. of explosive to 1 cu. yd. of solid rock. 


52. Drilling for blasting is best done with a jumper. This is a drill of proper 
length to be held by 4 man and struck on top alternately by 2 other men with 8 to 
12 Ib. sledges. The holder turns the drill slightly after each blow. If the hole 
is deep it may be started with a drill of convenient length and finished with a longer 
one. The form of the cutting edge or bit is shown in figs. 34, 35, and 36. Drills 
are commonly made of hexagonal or octagonal steel. The form of the bit is the 
same for both. Fig. 34 shows a point made on an hexagonal bar, and fig. 36 the 
point made on an octagonal bar. Drills are sharpened by grinding, and when 
necessary by reforging and tempering. At frequent intervals the holder removes 
the drill and scoops out the dirt from the bottom of the hole with a spoon. 


Drill holes are usually from 44 in. to 2 in. diam., according to the form of the 
cartridges to be used. The number and.depth will depend on the character of the 
rock, If the rock is to’ be loaded into wagons, it is best to use enough powder to 
break it at once into 1-man and 2-man stone, which names apply to pieces of 
about 50 and 100 lbs. weight, which can be thrown into a wagon by land 2 men, re 
spectively. Stones too large to be handled may sometimes be broken by sledges, or 
they can be split by wedging. For this purpose holes about 7% in. diam. and 4 in. 
deep are drilled on a line, with their axes lying in the plane of cleavage, called 
by quarrymen, the grain. ‘One man does the drilling and striking, using a small 
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drill the size of a cold chisel anda hand hammer of 2 to 5 lbs. weight. When the 
holes are drilled, plugs and feathers are inserted. These are wedges of steel and 
frustums of cones of malleable iron, fig. 37. The feathers are placed in the hole, 
large ends down, and the plugs are inserted between them and struck in rotation 
until the stone splits. This method is used for breaking out pieces for culverts, 
coping, etc. 

The rate of progress in drilling depends on the character of the rock and the skill 
of the drillers and tool sharpeners, For average conditions of military road work, 
estimate 8 in. per drill per hour. 


53. When it is desired to make a side cutting in rock too steep to permit working 
on its face, operations may be carried on from one or both ends. Figs. 38-40 show a’ 
good method. A line of drill holes should be made at the floor level ag shown ata 
and other holes d drilled in the working face to break up the rock over the area to 
be removed. The holes a are not loaded; their purpose is to produce a fairly uni- 
form surface of fracture to form the roadbed. It is necessary to drill them on aslant 
as shown in fig. 38, which will leave the floor in a saw-toothed surface. This and 
other asperities left in the floor must be sledged off, and the cavities filled with small 
broken stone and stone dust to give a proper wheel-bearing surface, The holes 6 
are overcharged sufficiently to break up the rock and throw as much of it as possible 
over the bank. If the cliff is vertical or nearly so, the cutting takes the form of a 
half tunnel, fig. 40. 


The roadbed should slope inward for greater security of traffic. This will throw 
the drainage to the wall. There will not be much of it as a rule, and there 
will usually be crevices in the rock sufficient to take care of it. Otherwise it must 
Tun to the ends of the cut or be collected ata low point and a channel made through 
the floor of the cut, with slopes sufficient to run the water over the cliff. This chan- 
nel can be filled up to the road level with broken stone. Vertical holes should be 
drilled a few feet apart near the outer edge of tbe roadway and bars of iron set in 
them with eyes in the top through which a chain or rope may be passed to form a 
guard rail. 


54, In clearing a line through woods, the work may be reduced to a mini- 
mum by curving the road gently to avoid as many large trecs as possible. If there 
is undergrowth of any kind, a firet party should cut and remove it to a distance of 
20 ft. on each side of the road. If needed for use elsewhere, the same party should 
prepare it for such use. If not needed, it should be burned. The second party should 
fell trees, cut them up into manageable lengths and remove them from the roadway, 
and this party should be so adjusted that the cutting up and removal will keep pace 
with the felling. Onre should be taken to avoid felling a tree across another one 
already down. 

Trees in the actual roadway or near its edges are best felled by digging around 
them and cutting off the principal roots at 8 or 4 ft. from-the trunk and then pulling 
the tree over, stump and all. If stumps of trees already cut are to be removed, it 
may be done by blasting. The charge should be put low down in tho stump, digging 
if necessary. : 


55. Cost,—The factors entering into the cost of roads are s0 many and so complex 
that a safe estimate can not be made without a knowledge of the conditions to be met 
in the particular case. 

The following data are designed to guide the judgment in forming conclusions as 
to the probable limits of cost of different classes of roads, so that the first survey and 
estimate may be made for a road which can be built with the resources at hand. 


56. Clearing may be taken at $10 to $50 per acre, or $20 to $400 per mile for tim- 
ber varying from scattering to dense and widths of 16 ft. to 60 ft. 


57. Earthwork,—In a fiat or gently rolling country where the road will mainly 
follow the natural surface with level cross sections, the side ditching and crowning 
may be taken at $350 per mile. In mountainous or rough country, with the road 
mainly in side cuttings, the grading and ditching may be taken at $350 to $700 per 
mile, the former for a lateral gradient or 15 to 1, and the latter for 5 tol. For 
steeper lateral gradients, the cost will be greater. ' 
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58, For embankments and cuttings in earth, compute the volume of earth 
to be moved from tables II or III and take the cost at 20 cents per yard plus 44 cent 
for each 100 ft. of haul. 

Outtings and embankments in rock vary so widely in cost that any figure given as 
standard would be misleading in a majority of cases. Exteusive rock excavations 
will rarely be undertaken in military road work. 


59. Metaling.—For gravel, take $400 and for macadam $500: per mile for each 
inch of thickness. 


60. Bridges and culverts must be estimated separately. 


61. For a dirt road following the natural surface in level cutting, the limit of cost 
may range from $500 to $2,000 per mile, depending on the character of soil, amount 
of clearing, and the number of bridges and culverts. 


For a dirt road in side cutting, the limits of cost may vary from $500 to $3,000 per 
mile, depending on the character of the soil, amount of clearing, number of bridges 
and culverts, and the lateral gradients. 

Two thousand dollars per mile is used in estimating the cost of standard roads 
under average conditions in the Yellowstone National Park. 

Macadam roads, usually called stone roads, have been built extensively in various 
states of the Union, at costs ranging from $2,500 to $3,000 per mile. The figures. 
here given as to metaling are hased on a maximum width of 18 ft. 


PART IV. 


RAILROADS. 
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PART IV—RAILROADS. 


1. The subject of military railroads as here treated will include the location, con- 
struction, operation, and maintenance of railroads in the theater of war under mili- 
tary auspices and for military purposes; thatis, with a personnel consisting of officers, 
enlisted men, and civilian employees, and for the main purpose of facilitating the 
movements and supply of the army. 


2, The difference between war and peace conditions will cause a wide departure 
of military from civil railroad practice. Some of the conditions of military railroad 
service are: 


(a) Quick results for a short period are of the first consideration. 


(b) The mechanical possibilities of the property can not be fully developed by 
reason of an untrained personnel. 


(c) Speed requirements are moderate and practically uniform for all traffic. 


(d) The roadbed and equipment are subject to damage not resulting from the oper- 
ation of the road, or from the elements, or from decay. A civil road is operated on 
the presumption that the track is safe; a military road must be operated on the pre- 
sumption that tbe track is unsafe. 


(e) The property will usually be in fair but unequal condition, often hastily re- 
stored after partial demolition. The operation of the whole will depend on the con- 
dition of the worst parts. 


(f) A military road is best operated with an ample supply of motive power and 
rolling stock, and a moderate speed; whereas on a civil road the tendency is to increase 
apeed to economize rolling stock, and to increase train loads to economize motive 
power. The known ratios of equipment and mileage on civil roads can not be taken 
as sufficient for military roads. 


3. Military railroads, as to general location, will usually follow the line ever 
which the army has advanced from its base. In case of a change of base, the line 
will be the most direct from its advanced position to the new base. 


Detailed location will be done with a view to rapid construction with a mini- 
mum ef labor and materials. Sharper curves and steeper grades may be adopted 
than would be tolerated on commercial roads. Some features, such as roadbed and 
track, may be very primitive as compared with modern standard properties. They 
will have the advantage, however, of some modern matériel, especially the track and 
equipment, and of standard methods and rules of construction and especially of oper- 
ation, the results.of accumulated experience. For these reasons military roads should 
be more efficient than the primitive ones which they outwardly resemble. 


4, The maintenanee and operation of existing lines of high-class construction, and 
possibly their restoration or partial reconstruction, will require a knowledge of the 
fundamental principles of such construction. 


In all that relates to location, construction, and maintenance, the foregoing condi- 
tions will be kept in view, and an attempt will be made to introduce everything 
which they require and to exclude everything which they do not require. 


5. Gage.—The word gage is used with various meanings in railroading, but its 
most frequent and most important use is to indicate the distance between the inner 
edges of the heads of the rails when newly laid. The standard gage in the United 
States and most foreign countries is 4 ft. 814 ins. to 4 ft. 9 ins., being adapted to 
running standard-gage equipment. The actual gage of any track exceeds the 
nominal gage by the amount of wear on the inner faces of the two rails since they 
were laid, and by any outward mevement of either rail due to traffic. 
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Some side play between flanges and rails is necessary to safe running. Standard- 
gage equipment is designéd to allow 8 in. side play with a 4 ft. 834-in. gage. Thia 
is not enough for military roads, which should be laid with a 4 ft. 9-in, gage, giving 
% in, side play on new rails, which may increase to 134 ins., by wear, permitting a 
wear of 7, in. on each rail. 

Side play on curves must be greater than on straight: track, and if a 4 ft. 834-in. 
gage is used on tangents it is usually necessary to widen it to 4 ft. 9 ins. on curves, 
If a4 ft. 9-in. gage is adopted, no widening on curves is required except in'caae of 
unusually sharp curvature. Trains will run less steadily, but with less tractive’ re- 
sistance. The latter fact is most important on military roads as grades will often be 
heayy. 


Fig. 1 shows the standard terms and points for gage of wheels and track. 


6. Alignment.—aA railroad consists in plan of curves and tangents and in eleva- 
tion of grades. Exactness and regularity of all these features are necessary fora 
good track. The curves must be true or smooth, the tangents straight, and the 
grades easy and regular. Alignment, which is of secondary consideration in common 
roads, is of first importance in railroads. 


7. Notation of curves.—Suppose 7, 2”, fig. 2, to be the tangents which are to be 
connected by a curve, prolonged to their intersection at V, called the vertex. Let 
C be the center of the adopted curve, CA, CB, the limiting radii. The angle between 
them, which is also the angle between the tangents, or the difference of their azi- 
muths, is the central or 4 angle, often called the external angle. The direction 
of the survey being from A toward B, the beginning of the curve at 4 is called the 
point of curvature, PC. The end of the curve at B is called the point of tan-= 
gency, PY. The straight lines AG and GB, 100 ft. long, joining points of the 
curve are called chords; The line AB, joining PC and PT, is called the long chord. 
The distance HG, from the middle of the long chord tothe middle of the are, is called 
the middle ordinate, The distance GV, from the arc to the vertex, is called the 
external distance. AV and BY are cailed the tangent distances, 


.8. The rate of curvature of railroad track is designated by the arc corresponding 
to a chord of 100 ft., and in U. 8. railroad surveying the word chord is restricted to 
one of 100 ft. A shorter chord is called a subchord anda longer one, except the 
‘long chord, par. 7,8 secant. In the following pages the terms chord, subchord, 
and secant will always be used im the sense indicated, The rate of curvature is also 
the deflection, or change of azimuth, in passing from one end of a chord to the 
other, or the angle made by the tangents to the curve at the ends of the chord. 


If, in fig. 3, the line AB is 100 ft. in length and from a center, C, an arc is drawn 
passing from A to B, the rate of curvature of. the arc is designated by the number of 
degrees in the angle ACB. Similarly, if arcs are drawn from the centers, 0;, Oz, Cy, 
etc,, their rates of curvature are designated by the number of degrees in the angles 
AQ,B, ACB, etc. If the angle, ACB is 30°, then the arc ACB is called _a 30° curve, 
etc, In the abstract, the rate of curvature is designated by the letter D, which will 
not be used herein for any other purpose, except in illustrations. 

The less the rate of curve, or the flatter the curve, the longer is the radius and the 
greater the length of curve between given tangents. The radius of a 1° curve is 
5,730 ft., nearly, and the radius of any curve may be determined cs amme by 


dividing 5,730 by the degree of curvature. Thus, the radius of a 3° curve="g— =~ 


5730 
io.33 = 


5730 : iain 
curve = —5- = 11,460 ft. Conversely, D for any curve is found by dividing 5,730 by 
its radius, ; 
Curves of leas than 60 ft. radlus can not be expressed by this method, because @ 

‘chord 100 ft. in length can not be drawn in them. Such curves are designated by 
the length of radins. In foreign countries all curves are designated by length of 
radius. In England the radius is expressed in chains of 66 ft. A curve of 20 aan 
on an English road is the same ag an American curve of 1,320 ft. radius, or 7399 = 
oan = 40 20/ 24’, A 1,000-meter curve is the same as a curve of 3,280 ft. radius = 
5 

3280 — 19.747 = 19 44’ 4977, 


1,910.ft. The radius of a 10° 20’ curve = 654.7 ft.; and the radius of 6 wo 
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Within tbe range of curvature used in railroad construction the elementa of the 
curve are approximately inversely proportional to D, and having the elements 
for the cnrvature of 1°, tbose for any other curvature may he obtained by dividing 
the quantity for 1° by the desired value of D. Table I gives elements for  curva- 
ture of 1°, To obtain the elements for any other curvature, take out the quanti- 
ties from Table E for same central angle and divide thém by D. 


9. It is the custom to state curvature in degrees, minutes, and seconds, and all 
tables are so constructed. In railroad work tbe curvature appears so often as a 
multiplier or divisor, that it will be found much more convenient to express it in 
degrees and hundredths, which give the arc to the nearest 36 seconds. If greater 
refinement is desired, extend the fraction to thousandths, which give the arc to 3”. 6, 
which is cloger than it can be measured with ordinary instruments. 


Table II gives the minutes and seconds of arc corresponding to decimals of a 
degree. The conversion into minutes and seconds need be made only when the 
angle is to be laid off with an instrument. 


10. The amount of curvature in any curve is the total deflection of the line 
affected by the curve and it is designated by the number of degrees of the arc included 
between its ends. It is found by multiplying D by the number of 100-ft. chords or 
stations on the curve. Thus, a 3° curve of 10 stations will deflect the line30°. This 
is the angle between the end radii, called the central angle, and denoted by the 
symbol 4, which will not be nsed for any other purpose. The chord of J is the 
long chord, par. 7. Itis also the external angle of the tangents which the curve 
is to connect, also denoted by 4, or the difference of their azimuths. 


The sum of the central angles of all the curves on any line is the total curvature 
of the line. This, divided by the length in miles, gives the curvature per mile, 
a quantity which is ‘of importance in considering the tractive force necessary to 
operate trains over the line; also in connection with questions of speed and main- 
tenance. 


11, Relation between lengths of chords and arcs.—The length of the are of 
a chord is slightly greater than 100 ft.; 0.0013 ft. for a 1° curve and increasing ag 
the square of D. For all usual railway curves it is negligihle. 


A curve may not, and generally does not, contain a whole number of chords. The 
remainder of the curve is spanned by subchords. 


The relations of length between subchords and the corresponding ares are not pre- 
cisely the same as those between chords and their arcs. Neglecting the difference, 
or supposing the ratio of length of chord and length of corresponding arc to be the 

d 


same for chords and subchords, the expression for the length of a subchord is 100 3 


in which d is the are of the subchord in degrees. This is called the nominal 
length of the subchord. The excess of the real fength over the nominal length 
is a maximum for a subchord of 57 ft., nearly, and for a 10° curve is 0.05 ft., or # in. 
As 10° is a rather sharp curve for railroad work and the average is much flatter, this 
excess is also neglected, subchords are treated as fractions of the chord, and the 
length of an arc in ft. is assumed to be the aggregate length of its chords and sub- 
chords. This length expressed in stations or units of 100 ft. may be obtained by 


4 
substituting the values of D and 4 for the given curve in the expression 7 


multiplying by 100 gives the length in ft. 


41 
12, Examples.—The length of a 4° curve with a central angle of 4197 10.25 


atations=1,025 ft. The length of a 2°20’ curve having a central angle‘of 9° i= 


beets 4.18 stati 418 ft. 
imagen’ ——i i L0Nn8 = jo 
2.33 . 


13. Distribution of chords and subchords.—It is desirable to have the num- 
ber of the station at any point indicate the total length of the line to that point, and 
hence in passing from curve to tangent, or from tangent to curve, there should he 
100 ft. between the last station on the one and the first station on the other. If 
the PC is at a fraetional station on a tangent—called a plus—the curve should begin 
with a subchord equal to the difference between 100 ft. and the plus. If the PY ia 
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at a plus, or the curve ends with a subchord, the first station on the tangent will 
be at a distance from PT equal to 100 ft. less the length of the subchord, fig. 4. A 
curve should be run in without subchords only in the rare case in which the PC falls 
on a station of the tangent and the curve is a round number of hundreds of feet in 
length. 


14, Curves are classified as simple, compound, and transition.—A simple 
curve is the arc of acircle. A compound curve is composed of arcs’of circles of 
different radii turning in the same direction, tangent to each other and to the 
straight track at each end. Transition curyes, often called spiral or easement 
curves, are those in which a circular central part ia connected with the tangents at 
either end by a curve of variable radius progressively increasing from that of the 
central curve at the ends of the latter, to infinity at PC and PT. 


The point of tars aad of curves of different radii tarning in the same direction, is 
called the point of compound curyature, PCC. 


Curves turning in opposite direction and less than a train length apart are called 
reverse curves. . 

15. Simple curves.—Cnrves are located on the ground partly by running out 
the chords and subchords and partly by offsets or ordinates from them. 


The angle between a chord or subchord and a tangent to the circle at one of its 
ends is measured by one=haljf of the arc corresponding to the chord or subchord. 
The angle between a chord or subchord and a secant, or the angle between two 
secants, intersecting on an arc, is measured by one-half the difference of the arcs 
subtended by the chords or secants. Thus, in fig. 5, the angle between the tangent 
av and the subchord ab is measured by one-half the arc ab; the angle between av 
aud ae.is one-half the arc ac, etc. 


But with equal chords of 100 ft., as in railroad practice, the arc corresponding toa 
chord is D, the degree of curvature; and the difference of the arcs corresponding to a 
chord or supchord and the secant to the first station beyond it, as bc, or between the 
secants to adjacent stations, as cd or dz,is also D. Hence the angle between tan- 
gent and chord, or between chord and the secant to the next station beyond it, or 


between secants to adjacent stations, is Zp, This is called the deflection angle, 
and is very important in curve location, 

Generally, for simple curves the angle at any station between any othey two in the 
same direction is oP X (nf —n); in which n’ is the serial number of the farther and 
n of the nearer station. For example, the angle at station 12 between station 17 and 
22 =FDx(22 = 11)=25D. 


Under the assumption already made as to the length of subchords (par. 11) the 
deflection angle for any subchord is proportional to the length of the subchord, 


t 
or isa Diop; in which 7 is the length of the subchord in ft.; and genorally the 
angle at any point of the curve between any two other points in the same direction is 


L . 
zDxX Joo; in which L is the aggregate length of chords and subchords in ft. be- 


1 
tween the two points. The deflection angle of the long chord is 3 4, which rela- 
tion is valuable as a check and should always be so used. 


: 11 j 
If at the’PC, fig. 5, an angle of 3? in is measured from the tangent in the direc- 


tion of curvature, the line of sight passes through the station b, and if the length 7 
is measured on this line from PC, the station b is determined. If, now, another or 


oe 1 
additional angle of 9D is measured, the line of sight passes through station c, and 


if a 100-ft. tape is stretched from 4 and its forward end swung until it is on the line 
ac, the point so determined is station ec. Similarly, any station may be located from 
a and the one next preceding. 


The above-described method of determining the chords and subchords of a simple 
curve is called location by deflections. It is the usual method and is always 
employed for curves of 2 or more stations, unless there is something to prevent. 
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16. Practical location of a curve.—The general case will be that in which two 
tangents already located are to be connected by a curve. 


ist step.—Run the tangents out to their intersection, if it has not already been 
done, and measure the external angle or difference of azimuth, which ia 27. 

2d step.—Chain or pace over the ground on which it is desired to locate tho 
curve, determine its approximate length in ft., and point off two places from the 
right, which gives the length in stations. If a map is available, this distance may 
be scaled. Divide by this number and the quotient will be D. If it is not a con- 
venient angle to use, take the nearest one above or below it and divide it into 4 for 
the corrected length in stations. 

3d step.—Take from Table I the tangent distance T corresponding to 4; divide 
y t by py which gives the tangent distance of the curve, or the distance of PC and PT 

vom V. 

Locate PC and PT on their respective tangents. Measure from PO back to the. 
uext preceding station to determine the plus, Begin the curve with a subchord 
equal to the difference between 100 ft. and the plus. 


4th step.—Compute and tabulate all the deflections from PC thus: 


1 1 
For the 1st subchord, 7 D-~— 


100 
1 U 1 
For the lst chord, ~—D——+—D 
2 100 2 
1 I 
For the 2d chord, —D—+D 
2 100 
i 
For the 3d chord, D——-+41—D 
2° 100" 2 
For the 4th chord, pn — 4ep 
7 27 100 
1? u n 1 v 1 
For last subchord. —D D D = 
SETA ENBONOE: eo ae ee 


In the above tabulation ? and U’ represent the lengths of the first and last subchords 
in ft., and m the number of chords in the curve. 


5th step.—Set up the transit on PO, put the 0°-180° line on the tangent and turn 
off in the proper direction the first tabulated angle. Measure on this line the length 
of the firat subchord and locate the first station of the curve. Turn off, from the 
tangent also, the second tabulated angle and locate the second station by swinging a 
100-ft. tape from the first station as described in par. 15, Continue as long as the: 
stations can be seen clearly from PC. If a)l can not be seen, shift the transit forward 
and get on a station which has been determined, and orient by the following rule: 

Set the vernier at the reading in the table corresponding to any convenient preceding 
station, point to that station and clamp the limb, Plunge the telescope and locate forward 
stations by using the tabulated deflections originally computed for those stations, precisely 
as if still working from PC. In using this rule remember that the deflection corre- 
sponding to PC is the azimuth of the back tangent from which the deflections were 
started, 

Usually the forward tangent will not have been run out much beyond PT. Meas- 
ure off on it from PT a distance equal to 100 ft. minus the last subchord of the curve, 
and locate the station next to the curve on the tangent. From this run out the tan- 
gent, setting stations 100 ft. apart nntil another curve is reached. 


17. Example —Given two tangents intersecting in a 4 of 20°, the vertex 
being at station 291 + 48 of the back tangent, to connect them by a simple curve 


20° 
approximately 740 fl. 7.4 stations in length. Ga 29.7027 = 2° 42/9/77 = D. 


20° 
Ag this is not a convenient value to use, assume D = 2° 42/ = 2°.7, and om 7.408 


stations = 740.8 ft. = corrected length of curve, 
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From Table I for # = 20°, T= 1010.29 + 2.7 = 374,2 ft. = 3,74 stations = the 
tangent distance. This measured back on the tangent locates PC at (291 + 48) — 
(3 + Th) = 287. + 74, 

The curve will begin witha subchord of 100 — 74 = 26 ft. Theremaining length, 
740.8 — 26 = 714.8, will consist of 7 chords and a closing subchord of 14.8 it, 


The deflections from PC, assuming the azimuth of the tangent to be 0°, will be as 
follows: 


For the opening subchord of 26 ft. 
=1° 21’, 
For the Ist chord, 09 21’ + 1° 21’ = 19 42’, 
For the 2d chord, 1° 42’ + 1° 21’ = 3° 037, 
For the 3d chord, 3° 03’ + 1° 21’ = 4° 24, 
For the 4th chord, 4° 24/ + 19 21’ == 5° 45’, 
For the 6th chord, 5° 45 4 1° 217 = 7° 06’. 
For the 6th chord, 7° 06’ + 1° 21/ = 8° 27’, 
For the 7th chord, 8° 27/ + 1° 21/ == 99 48/, 


i 1 
3a DO = 1°.35 K 26, = = 
ig? too 35 < 26/100 = 0° 21 ae 


14.8 
For the Jast subchord of 14.8 ft., 0° 217-7 (19 21’) + dust x 19 21!) = 9°48? 
100 


an 7 
+12 = 10% = 5 a. 


If an azimuth is carried, that of the back tangent is to be added to all the defiec- 
tions, Thus, if the az, of the back tangent is 100°, the table of deflections will read 
100° 21’; 1019.42’; 103° 03’, ete. 


Having located say three stations from PC as above described, suppose it is not 
convenient to work from that point any longer. Shift the transit forward to station 
3, set the vernier at 0°, point to the PC, and clamp the limb. Then plunge the 
telescope, set the vernier at 6° 45’, and locate the 4th station, etc. 


To get on the forward tangent set up on PT and orient by the rule, par. 16, Set 
the vernier at the deflection corresponding to PT. Plunge the telescope and it will 
point along the forward tangent. 


Aa the last subchord is 14.8 ft. the first station on the forward tangent will be 
100—14,8 = 85,2 ft. from the PT. 


18, This method may be used without a transit at some sacrifice of accuracy by 
substituting a geometrical construction for the angle measurements. A good way is 
to take a distance, 1 = Ca, fig. 6, as a radius with a center at PC, and set stakes on 
the arc of a circle, the first on the tangent, the next at a distance of 0.000087 « D 
X #, and the others, one for each chord of the curve, at equal distances of 0.87 x D. 
If there is an opening subchord, it will be taken as the radius; if there ia not an 
opening subchord, the radius will be 100 ft. If there is an opening subchord of in- 
sufficient length for a good radius, use it as a radius for setting the first stake off the 
tangent, then prolong the line from PO through this point to 100 ft. and set the 
remaining stakes on the arc of that radius. 


19, Chords and subchords may also be located by traversing, Recon. 108. If short 
sights are necessary, this method is to be preferred. Without an instrument this 
method is known as location by tangent offsets and chord deflections, or, 
offsets from chords produced. 


Lay off on the tangent from PO, fig. 7, the length of the subchord and with the 
end of the tape held at PC, swing the forward end in the direction of curvature until 
the distance bc = 0.000087 X D x 12. This locates the forward end of the subchord. 
Prolong the subchord and from ¢ lay off 100 ft. tod and swing as before a distance 

100 + 2} 
of 0.0174 & DX Core locating the forward end of the first chord ate. For the 
remaining chords, the expression is 1.74 x D, since! = 100. For the closing sub- 
chord, the expression is the same as for the first chord, de of the fig. The above 
constants will give sufficiently accurate results up to 20°. The first is used when 
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one of the lines is a tangent; the second and third when both are chords or gub- 
chords. 


A convenient method of laying down curves of very short radius when the arc 
can not be swept from the center is called the method of offsets from the 
tangents. 


If from POC or PT distances be laid off along the tangent and at each point ao 
determined a corresponding distance be laid off normal to the tangent and in the 
direction of curvature, the ends of the offset distances will be points of the curve, 
It is most convenient to take equal distances on the tangent. 


Table III gives the tangent offsets in ft. for:curves of 10 to 100 ft. radius at each 
tenth of the radiusfrom PO. Values for intermediate radii may be obtained by in- 
terpolation. It will not often be necessary to-do this, as the difference between any 
desired curve and the nearest one in the table will rarely be of importance. 


20, Compound curves are principally used when the rate of curvature is con- 
trolled by accidents of the ground, as in passing through ravines and around the 
flanks of hills. It is not desirable to introduce short tangents between curves if it 
can be avoided, nor to make very abrupt changes of curvature. 


Some of the relations of length, etc., of simple curves can be worked out for coni- 
pound. curves, but they are too complex for use except by experts. If a map is 
available, the parts of the curve can be laid down and all questions of curvature and 
length determined in advance. Otherwise run out each curve separately as described 
for simple curves, determining the common tangent as an initial direction for the 
new deflections. If the first curve ends with a subchord, the second one should 
begin with a subchord, the sum of the lengths being 100 ft., as in passing from’ curve 
to tangent. 


21. By using the azimuth method—instrument on ‘each station—a curve may be 
run out haphazard to fit the ground, each station being located from the next pre- 
ceding one according to the requirements of the ground, and the deflection angles 
determined from the transit. In such work it is important to utilize all the leeway 
which the ground affords to secure as few and as smal] changes of curvature as pos- 
sible and to avoid reverse curves, 


22. Filag in the curve.—The chords and subchords located and marked, the 
intermediate points are found by ordinates from these lines. Those at 14, 34, and 
34 of the length of a chord or subchord are most convenient. That at 44 distance ia 
called the middle ordinate and the others are called side ordinates, Points 50 ft. apart 
are usually sufficiently close to lay the rails by. 


The middle ordinate for a chord = .218 [t. * D, with sufficient accuracy for all 
practical purposes. The side ordinates at 25 and 75 ft. are approximately 34 of 
the middle ordinate or .163 ft. x D. Ordinates for other lengths of chord or subchord 
vary as the square of the length. Table ITI gives ordinates for subchords varying 
by 1 ft., and indicates the method of obtaining ordinates for lengths greater than 
100 ft. 


Asa check, a line may be stretched on a secant of two stations and the ordinate at 
the middle station measured. It should be 4 times the middle ordinate for one 
station. 


The final location by ordinates is usually done at the time of laying track. 
It is especially to be noted that all that has been given as to location refers to the 
center line of the track. The rails are placed by measuring one-half of the gage 
each way from this line, 


23. Superelevation of outer rail._—When a train runs on a curve there are tivo 
forces acting to crowd the wbeel flanges against the outer reil—ceutrifugal force and. 
the tendency of the stiff trucks to run straight. The former varies as the square of 
the speed; the latter is constant for all speeds, If the train is stretched, i. e., a ten- 
sion on all drawbars, the pull of the locomotive works againet these two forces and 
tends to draw the trucks to the inner rail, but this effect is small, variable, and 
negligible. 

To reduce pressure on the outer rail, it is elevated above the inner rail by a certain 
amount. A safe rule for standard gage is to elevate 34 in. per degree of curvature 
up to a maximum of 6 ins,, which should not be exceeded. This rule is modified, or 
not applied, on curves in special situations where all traffic must run at low speed, a6 
at important stations, crossings, in yards, etc. It can not be applied to Teverse 
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curves, which is a strong objection to their use. Neither is it used on switches and 
yard tracks which are adapted to low speed only. 


24. Length of run-off.—The curvature may begin suddenly at a single point, 
but the outer rail must be elevated gradually, go that the elevation must begin on the 
tangent and increase gradually to PC, where it has its proper value for the curvature. 
This gradual elevation of the rail along the tangent ig called the run-off and its 
length is usually 40 ft. per degree of curvature, although some roads use a constant 
run-off of 120 ft. 


25. Transition curves,—To avoid the run-off or superelevation of one rail on 
straight track is the principal purpose of transition curves. In these, the curvature 
begins very small and increases gradually, so that the superelevation may begin at 
PO and, increasing gradually, bear everywhere a proper relation to the curvature, 


The theoretical form of a transition curve is a spiral, but its practical location re- 
duces to that of a multi-compound curve, consisting of several short arcs of equal 
subchords and uniformly increasing curvature connecting each tangent to the main 
curve. In curving the rails and laying them to meet the points so determined, a 
very close approach to a true spiral is produced. Such curves find no place in mili- 
tary railroad construction and it is guly necessary to give such data as will enable 
them to be recognized and classified when found in existing track. If the run-off 
begins at PC and ends at PT, the curve is some kind of spiral or easement. If the 
full run-off appears to be.on the tangents, the curve is probably simple. 


26. To determine the curvature of existing track roughly, a rule of thumb 
is to stretch a string 62 ft. long knotted in the middle with its ends against the con- 
cave side of the head of one of the rails. The distance in ins. from the middle knot 
to tho rail is the curvature in degrees. A curve may be tested at several points by 
this method to find out whether it is simple, compound, or spiral. If simple, or 
originally so, the curvature can be determined accurately by dividing < by the 
length of the center line in stations. 


27. Vertical curves aro nsed to ease off changos of grade to avoid strain on 
couplings and breaking trains in two. A safe average rule is to give them a length 
of oa for each 1% of change of grade. On some roads a uniform length of 400 ft. 
is used. 


Tho exact length is not important and may he varied to suit conditions and con- 
venience, Vertical curves increase fills and cuts, and if an embankment is already 
high or a cut deep, an increase means much time and labor. In such case the 
length of a vertical curve may be shortened until the extra cut or fill is reduced toa 
manageable quantity. 


Assume a convenient length for‘the curve, giving preference to an even 
number of stations, and determine the elevations of the intersection B and the points 
of tangency, A and 0, fig. 8. Set temporary stakes to the grades AB and BO at B 
and at distances on each side of B of 44, 14, and % of AG. Take the difference 
between elevation at Band half the sum of elevations at A and ©. Call the differ- 
ence M and apply it asa correction to the elevation B for the elevation D of the 
corresponding point of the vertical curve. Apply a correction of -§, M at the point 
pee B, 44 M at the next points on each side, and x Mf at the points nearest 

and 0. 


All these corrections are megative or subtractive if the lst grade prolonged 
passes above the 2d grade, in which case the curve lies below the grade lines 
and is convex upward. The corrections are all positive or additive, when the 
1st. grade prolonged passes below the 2d grade, in which case the curve lies 
above the grade lines and is concave upward. 


If a standard length of 400 ft. is taken for AC and the grades are expressed in 
percentages (Recon. 12), then 14 the change of grade is the middle correction in ft. 
The change of grade is the sum of the percentages if one is up and the other 
down. It‘is the difference of the percentages if both gradcs are up or both down, 
reckoned in the same direction. 


Example.—Assume an up grade of 1.124, followed by a down grade of 1.5%, to be 
connected by a vertical curve 400 ft. long, the initial point of which is at elevation 
92.5 ft. above the datum of the survey. 

The intersection of grades, B, is higher than the initial point by 1.12% of 200 ft. 
= 2.24 ft., making ita elevation 92.5 -+ 2.24 = 94.74 ft, The terminal point is lowena 
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than the intersection by 1.5% of 200 ft.—3 ft., making its elevation 94.74—3=-91.74 


ft. The correction M is 4 (ERTS 94.74) =—1.81 ft., and the middle point 


of the curve will be 1.31 ft, lower than the intersection, or at elevation 94.74 ~1.31 
= 98.48 ft, The other corrections are »% (1.31) =0.74 ft. at 50 ft. each way from D, 
14 (1.31) = 0.33 ft. at 100 ft. each way from D, and yy (1.31) 0.082 ft. at 150 ft. 
each way from D. All the corrections are subtractive, because the Ist grade pro- 
longed passes above the 2d grade. 


Or, change of grade=1.12+41.5 = 2,62¢. 


as above, The other corrections are derived as before. This method applies only 
when a curve is 400 ft. long. The first method is general. 


202181 ft., the middle correction 


28. Surveys. ihe instrumental location of a military railroad does not differ in 
scope from that prescribed for a new wagon road (pars. 37 and 38, Roads), but 
greater accuracy is desirable and a much more careful adjustment of curves, and 
especially of grades, is indispensable. As with common roads, the grade will mainly 
follow the natural surface, but the line must be so located as to keep these grades 
within the adopted limit, which will usually be 24, though, in exceptional cases and 
for short grades, 4% is allowable. It will be noted that this restriction of grades will, 
in rough country, cause the road to be longer between given points than a wagon 
road would be (see Recon., fig. 41). 


Drainage lines (Recon. 48) present the most regular and easiest gradients, and 
in a broad sense it may be said that every railroad location follows lines of drainage. 
When the head or source of one drainage line is reached, the location crosses the 
divide to the next. With few exceptions, drainage lines have slopes not exceeding 
those permissible for railroad location. The first requisite in considering a railroad 
location is to get the lines of drainage clearly in the mind. This done, start the 
exploration from the initial point on a straight line for the objective. Keep on this 
line as long as it can be done within the prescribed limits of grade and curvature. 
Leave the line only when forced away from it. Do not go away from it farther than 
is absolutely necessary and get back to it as soon as possible. 


Curvature is not so strictly limited in amount. Its requirements are mainly 
accuracy of location, It will seldom be found necessary to put in a curve which can 
not easily be run under military conditions. 10° to 12° is the maximum adopted by 
some roads traversing fairly rough country. 


29, Each determined point of the survey should be marked by a stake witha 
smooth, flat top, having a nail or tack driven in the top to mark the exact point. 
As arule, lengths should be computed and measured to the nearest tenth of a foot 
for long distances—chords, secants, tangents—and to the nearest hundredth for 
short ones—ordinates, subchords, etc. 


If closing errors are large, the line should be run over again. If they are reason- 
ably smail, they may be distributed in proportion to the distance. On curves, closing 
errors and distributed parts of them must be measured on a radius. 


30, Compensation for curvature.—To equalize the resistance of traction, it is 
customary when a curve comes on a heavy grade to reduce the grade over the curve 
in proportion to the curvature. The usual rule is to reduce the steepest grades x, of 
1% for each degree of curvature. Minor grades need not be compensated. 


31. The roadbed is the support prepared for the track. It generally consists of 
the foundation and the ballast. The latter should be a material the consistency 
of which is not affected by water and especially which does not become slippery when 
wet. Sand will do if nothing else can be had; gravel is better, and broken stone is 
the best of all. Cinders, shells, burnt clay, and other materials are also used. The 
surface of the foundation on which the ballast rests is called the subgrade. 


Unless the natural ground is very unfavorable, it will not be necessary to use a 
separate material for ballast and the subgrade really disappears. Even then, the 
earth between and immediately under the ties which is dug into in surfacing the 
track is called ballast. Such roads, usually called mud roads, will be the rule in 
military practice. 

The preparation of the earth foundation for railroad track is called graduation 
and is done as indicated for roads (see PartIII). Drainage is quite as important 
4s for wagon roads. The operation of placing the ballast is called ballasting. 
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32. Cross sections.—For single track, cuts should be 20 ft. wide at the bottom, 
from toe to toe of slopes. Fills should be 18 ft. wide at subgrade elevation. For 
double track add 12 ft. 


Ballast should be 6 to 9 ins. deep under the ties, 10 ft. wide on the subgrade for 
single track, and 8 ft. wide at top. The drainage qualities of different ballast mate- 
rials are recognized in cross sections made with them. 


33. The track consists of the ties, the rails, and the attachments of the latter 
to the former and to each other. 


Ties for military roads will be made of the most accessible wood, and shonld be 8 
ft. long, 6 to 7 ins. thick, and 8 to 10 ins. face, top and bottom, if hewed, and 9 ins, 
if sawed, They should be spaced 24 ins, c. to c., a8 a rule, but if the ties are broad 
it may be necessary to space them wider as clear room between of 12 ins. is needed 
for tamping. It is usual to allot a certain number of ties (14 to 16) to a 30-ft. rail, 
and space them equal clear distances rather than equal center distances. 


Where the rail joints fall, the ties are spaced so that the joint comes midway be- 
tween two ties, giving what is called a suspended Joint. Tho best ties, largestand 
truest, should be selected for these positions. 


34. Rails are of soft steel 30 ft. in standard length with the cross section shown 
in fig. 9. The names of the various parts of the section are given in the fig. The 
size of rails is reckoned by the weight per yard in Ibs. and varies from 20 to 110 Ibs., 
the former used for industria] and construction roads and the latter on a few of the 
highest class trunk lines. Rails for military roads will probably.run from 60 to 80 
Ibs. The name of the mill and the weight per yard are rolled in raised letters on the 
web of each rail at short intervals. 


36. Joints.—The connection most used for the ends of rails is called the angle- 
bar or splice=bar joint and consists of two specially formed bars which fit the rail 
on each side and are bolted through. Fig. 10 shows a cross section of the joint and 
figs. 11 and 12 the bolt spacing. The standard joint has four bolts. For extra= 
heavy rail some roads use six bolts. Joints are also classed as suspended, par. 
33, and supported, in which there is a tie under the middle of the joint. The sus= 

ended joint is generally preferred. Figs. 13 and 14 show two forms of joints 

lately proposed for very heavy tracks. Splice bars are made of mild steel. 

The joints of the opposite rails may be placed on or between the same ties, or the joint 
of each rail may be placed opposite the middle of the one on the other side. Both 
methods are in use. For a high-class road with good ballast, the latter method gives 
good results; for a poor foundation, such as military roads will usually be built upon, 
opposite joints are necessary. 


36. Track bolts are 34 to 1 in. diameter according to welght of rail, proportioned 
as shown in fig. 15. The length varies from 314 ins. for 60-Ib. to 5 ins. for 100-Ib. 
rail, Except on heavy rails the nut must be placed on the outside, 


Nut locks are used to prevent the nuts of track bolts coming off under the vibra- 
tion of traffic. Several common forms are shown in fig. 16. The bolt is prevented 
from turning by making it oval near the head and lengthening the holes in the splice 
bar to fit. 


87. Spikes are used to fasten the rails to the ties. The standard form is shown in 
fig. 17. Fig. 18 shows the Goldie spike. Spikes have none too much holding power 
at the best and careful driving js required to develop what they bave. Each blow of 
the maul should be true and fair in the axis of the spike. Otherwise the spike wab- 
bles in driving and the hole is made too large. The spikes in one end of the tie 
should not be directly opposite, but should be staggered, the two itiner ones on one 
side of the tie and the two outer ones on the other, fig. 19. 

Spikes gradually pull up under the vibration of traffic and may be set down once 
or twice, but after that they should be pulled and redriven in another place. 
Redriven spikes hold better if the old holes are plugged. 


38. Auxillary tracks.—A siding or side track is a piece of track usually 
parallel to the main track and connected with it at each end so that trains may run 
through it or not, as may be desired. Main sidings should be not Jess than 1,000 ft. 
long, and longer if practicable. 

A spur track or spur is a lateral track often not parallel to the main track, and 
connected with it at one end only. 
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A cross over is a track connecting two other tracks, usually parallel or nearly go, 
enabling cars or trains to pass from each to the other. 


A Y, fig. 22, is often used for turning locomotives, cars, and trains end for end. A 
curved connecting track at a crossing is often called a Y. Two such tracks in 
adjacent angles of the crossing are usually provided, and trains on either track can 
be turned by runving over them. 


89. Switches.—A device for connecting auxiliary tracks to main tracks or to 
each other is called a switch. It consists of several parts, which are shown and 
named in figs. 20 and 21. 


There are three general classes of switches: 

(a) Stub switches, in which both main-line rails are cut. 

(b) Split or point switches, in which but one main-line rail is cut. 
(c) Special switches, in which neither main-line rail is cut. 


40. The stub switch, fig. 20, is the oldest and simplest form, but hag disadvan- 
tages, especially for high-speed traffic, which have caused its virtual exclusion from 
main-line tracks. A train trailing the switch—approaching from the direction of 
the frog—must be derailed if the switch is misplaced, while trains from the other 
direction are likely to be derailed if the switch is not fair for either the main line or 
siding. This form of switch is less objectionable under the conditions of military 
Toads and will be much used. 


The switch rails have one end spiked to the ties for a short distance and are 
straight when in the main line. When the switch is thrown these rails take a curve 
which assists in the change of direction. The deflected part is not apiked and has no 
support except what it receives from the spiked ends and from the tle=rods, fig. 23, 
of which there are usually four. 


41. The split switch, fig. 21, has one rail of each track continuous and spiked. 
The moving rails when in position for use rest against and are supported by the 
continuous rails. If the rail section is heavy and the lead rails short, they are 
usually jointed at the point where spiking ends. 


Point switches become trailing if so arranged that the switch rails can move under 
a lateral pressure so that the trailing train must take or keep the main line, 


42, Special forms which leave both main rails unbroken have the lead rails 
elevated above the main rails at the point of crossing, enough to permit the wheels 
to pass over the latter without striking their flanges. Parts of the lead rails move 
laterally so as to join over the main rail or clear it entirely. The Wharton is the 
best-known switch of this type: 


43. Switch details.—The frog, fig. 24, is the controlling feature of switch 
dimensions. Frogs are designated by numbers ranging from 4 to 12 for the sizes in 
customary use. These numbers are the ratios of length to width. Measure the 
distance between the gage sides of main and side points perpendicular to the axis of 
the frog, ab, and the distance along the axis from this line to the theoretical point, 
ed, The quotient of the latter by the former is the frog number. The frog number 
may be found without a rule. Takea lead pencil or stick of suitable length and 
mark on the frog near one end the point where the opening equals the length of the 
Ineasure, step the measure off between this point and the theoretical point C of the 
switch, and the number of lengths counted will be the frog number. Table V givea 
the angles corresponding to usual frog numbers. 

Frogs are classed as rigid, in which no parts can move, and springrail, in which 
one of the wings is movable laterally. In its normal position the springrail closes 
the gap in the main rail and is pushed aside by the flanges of the wheels to open the 
gap in the lead rail. 


44, Frog construction.—Frogs for light rail are usually cast in a single piece, 
but for all weights likely to be used in railroad construction they are made up of 
pieces of the track rail bent to proper angles and fastened together. 


The kinds in most common use are the keyed, fig. 26, and the bolted frog; 
fig. 26. In each the spaces between the webs are occupied by cast fillers, 


In ordering frogs the frog number and gage of the track, the section of the 
rail and its drilling must be given, and if for renewal, the total length of the frog 
should also be stated. If the springrail is desired state whether right or left 
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hand, accordingly as the springrail should be on the right or left side of the frog 
looking from the point of the switch. Of the pair of springrail frogs required for 
any siding, one must be right and the other left hand. 


45. Operating devices.—The switch rails are moved by applying leverage to 
the end of the head bar, which is a name given to the fest Hebe ‘ine avec 
device is called the switch stand, and is connected to the head bar by the con= 
necting rod, figs.20 and 21. The simplest form is the jackknife or ground lever 
pattern, figs. 27 and 28, which may be used in unimportant points. Generally the 
switch stand is adapted to carry a signal to show whether the switch is open or 
closed, a color board always and a lamp at night, and this purpose has an important 
bearing on many of the designs. A good stand must have an accurate throw, and 
in the best forms the throw is adjustable. It must also lock securely when open 
or closed and must display its position clearly hy means of a signal fixed to some of 
its moving parts. All these points should receive attention in putting in and 
operating switches. 


The commonest form of switch stand consists of a support carrying a vertical rod 
with the crank lever at bottom connected to the head rod; an operating handle at 
convenient height, with stops and locking devices to control its movement, and a tar- 
get at top showing the danger color when the switch is set for the siding, or open, 
and the safety color when set for the main line, or closed. The top has a 
socket to receive the lamp, showing the danger and safety colors in the same posi- 
tions as the targets, Fig. 29 shows the features of such a stand. 


46, Minor features.—For stub switches a head shoe or slide plate is used, 
figs. 30 and 31, adapted to engage the ends of main and lead rails and provide a sur- 
face across them for the end of the switch rail to slide upon, with stops to limit its 
motion. They may be cast or wrought metal. ‘ 


Rail braces, fig. 32, are used to steady the part of the continuous rail of a point 
switch opposite the switch rail, and for this use are combined with a bearing plate for 
the latter. Rail braces are also used for supporting the outside rails on curves and 
for guard rails, although for this purpose they are rapidly being replaced by tie 
plates. Fig 33 shows typical forms, cast and wrought. 


Two guard rails are laid at each switch, both opposite the frog, figs. 20 and 21. 
A good arrangement of them is shown in the figures, but they are often straight, 
with the ends bent away from the rail. Care is necessary in placing guard rails. 
The minimum space between guard and main rails is opposite the point of the frog 
and is 2 ins. for 4 ft, 9-in. gage and 134 ins. for 4 ft. 814-in. gage. Guard rails are 
spiked and usually supported by braces. They are sometimes bolted to the rails 
with fillers, as described for frogs. 


47, Layout of switches and sidings.—The outside lead rail is a simple curve 
tangent to the switch rail when set for the siding, and to the frog. Itis customary 
to keep the length of the switch rail and lead in some definite relation to the frog 
number, 


The frog makes a certain angle with the main rail corresponding to its number. 
The switch rail when set for the siding makes a certain angle with the main rail, de- 
pending ou its length and the throw. The difference of these angles is 4 for the 
lead rail curve. Its length in stations divided into 4 gives D, which known, a line 
may be stretched between the two points named and the middle and side ordinates 
for the length and curvature D, par. 8, may be laid off. . 


All the quantities required for the solution are tabulated in Table V for frog num- 
hers 4 to 12, inclusive, except the ordinates, which may. be taken from Table IV for 
the length of rail, and multiplied by the curvature in degrees, The curvature D and 
the length and ordinates of the lead curve are computed on the assumption that the 
straight frog is 10 ft. long. If the actual length of frog used differs much from 
10 ft., the curvature and ordinates may be recomputed for tbe actual length. 
Note that the lead is measured to the moving end of the switch rail. The length 
of the switch rail is included in the lead of split switches.and not included in that of 
stub switches. There is no good reason for this, but it is the practice. On some 
good roads split switches are put into stub switch measurements. 


48, The curved ends of the siding outside the main track are called connecting 
curves. The inner rail is tangeut to the frog and to the straight rail of the siding. 
The frog angle is 4, The length, sufficiently exact for the purpose, will be twice 
the clear distance between the main line and the siding multiplied by the frog 
number. The distance between centers of main and side tracks should not be 
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less than 13 ft. and need not be more than 15 ft., unless a road is desired between 
the tracks, for which allowance must be made. 


If this rule gives the length of connecting curve too great to suit local conditions, 
run the frog tangent out part way and connect with the siding by a shorter curve, 


49. Sidings should be located on straight track if possible. If not, add the 
curvature of track to the curvature of the leads and connecting curve if the siding 
leaves the curve on tbe outside, and subtract if the siding leaves the curve on the 
ingide. 


. 50. Ties of extra dimensions will be required for each switch, as shown in 
Table VI. Zach switch requires, in addition to the pieces given in the table, one 
head block 8 x 12 ins. x 16 ft. 


51. A cross over is a double switch connecting two parallel tracks, fig. 34. The 
distance between frogs a-b, measured along the rail, may be taken from Table VII. 
The switches may be located separately and run toward each other until they can be 
connected by straight rail tangent to both. If the tracks are straight, it is impor-, 
tant that the frogs should be of the same number. If the tracks are curved, the inside 
frog should be wider than the outside one by 2 D. 


' 62. Crossings.—In crossing one track over another at grade, 4 frogs are em- 
ployed similar in design and construction to switch frogs, but usually of much wider 
angles. Crossings are designated by the angle which the two tracks make with 
each other. If the angle is 90°, all the frogs are identical. Otherwise, they are in 
pairs, two less and two greater than 90°, Fig. 35 shows the arrangement of a 90° 
crossing. 


The foundations of crossings require special attention, beginning with the sub- 
drainage. Art extra depth of ballast should be used. Switch tiesare best and should. 
be laid parallel to the shortest diagonal of the crossing if each track is much used. 
If one track ig but little used, the ties may be laid square with the other one, 


Crossings in curved track are complicated in design and are very objectionable for 
other reasons, hey should not be permitted, if avoidable, and never on main track, 


53. The crossing of a highway or common road over the track at grade is prepared 
by laying planks on the ties parallel to the rails, as shown in fig. 36. 


54. Track laying.—Track is laid progressively and usually on the subgrade or the 
surface of the foundation. The ties are carried or hauled forward, but the rest of 
the material is transferred on the rails to its place in the track. The ties are spaced 
and fairly aligned, the rails spiked carefully to gage, the track surfaced roughly by 
tamping any ties that are off the ground, and the track is then used to distribute the 
pallast. The final alignment is made by raising and straightening the track, at the 
saine time placing the ballast under and-around the ties. 


55. Placing ties.—This operation usually controls the speed of track laying. If 
the ties are cut along the line they should be placed beside the roadbed in wagonload 
piles at the, proper distance to get the desired spacing. 

If, brought from a distance, it will be on cars run over the track to a point near 
the ends of the rails. Here they are unloaded and taken forward, either by carrying 
or hauling, and placed on the roadbed. If teams and wagons are available and the 
ground alongside the track permits, it will be better to use teams. Otherwise details 
of men muat carry the ties forward. Ten teams can haul out the ties for 500 ft. of 
track per hour. i 

For lining ties stretch a line along stakes, set 14 the standard-length from the 
center stakes. Put the longest corner of the tie to the line. Place the wide face of 
the tie down, and on curves the broad end outside. 

It is very convenient to have the distance from the end of the tie to the flange of 
the rail gaged on each tie ahead of the spikers. 


56. Placing rails.—The rails will atways be brought up to the head of the track 
from some point in the rear. They shouid be on flat cars provided with rollers at 
the corners. The rails are rolled forward and loaded on the rail car, a low stout 
push car with extra-wide wheel faces to enable it to run on the rails before they ere, 
brought to gage. This car should also have rollers to carry the rail forward. The 
car is stopped with its front end over the last rail end. A rail on each side is rolled 
ahead and dropped on the ties and hastily placed in approximate position, and the 
car is run ahead ou themaraii length. The rail car carries 60 ordinary rails, enough 
to lay 760 ft. of track. Two rail cars may be used by tipping the empty one on edge 
outside the rails while the loaded one passes it. 
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In handling rails, the rail fork, fig. 37, and the rail tongs, fig. 38, are used. 


57, When it is necessary to curve rails before laying, the tool used is called a 
rail bender, in its simplest form, known popularly as a jim-=-crow, fig. 39. Fig. 
40 shows a traveling rail bender which runs from one end to the other, leaving the 
tail curved behind it. 


For new work rails are best bent at the supply yard. The quantity required is 
readily determined from the lengtbs of the curves. Ordinarily, both rails of a curve 
may be bent alike. Curved rails must be handled with extra care in shipment, In 
bending a rail, adjust the bender until the rail when uniformly bent will have the 
middle ordinate, Table IV, corresponding to the curvature. If the jim-crow is used, 
set at equal distances and turn up the screw the same amount at each set. If the 
curve is too flat, set closer, or turn up more, or both. If too sharp, the reverse, The 
jim-crow is not a convenient tool for making smooth bends. Its best use is to bend 
rails at an angle. Ifa rail is not evenly bent, the irregularity is easily seen by sight- 
ing along it. Mark the point with chalk on the side toward which the bend should 
be made. It is important to carry the curve quite to the ends of the rail, This is 
frequently neglected. 


A large proportion of rails are bent while laying by drawing them to the required 
curve as they are spiked. The ease of doing this depends on the rate of curvature 
and the length and weight of rail. <A straight 30 ft. rail of average weight may be 
drawn to a 7° curve while spiking if the ties are sound. For greater curvature, or 
shorter or heavier rail, it will be better to use the bender. 


Drilling rails will frequently be necessary. The most convenient tool is the. 
ratchet track drill, fig. 41, but any improvised arrangement which will hold a drill 
at the proper point may be made to answer. 


Rail cutting is best done with a rail saw, but may be done with an ordinary 
hack saw, or by notching a groove around with a chisel and breaking the rail in two. 


58. Expansion of rails.—A 30 ft. rail expands ¥; in. for a rise in temperature of 
25°F. Thehighest temperature in the sun likely to be encountered in the locality 
should be ascertained and the ends of the rails separated in laying by +, in. for each 
25° of difference between the actual temperature and the assumed highest. Shims 
of different thickness are inserted between the ends of the rails while splicing. They 
should be of metal. Shims of yy, 14, and 14 in. thickness, used singly or in combi- 
nation, will be sufficient. Buckets or boxes containing shims should be attached 
to the front end of the rail car. As each rail is dropped off the car, one man holds 
the shim against the end of the last rail and the new one is set back against it to 
hold it in place. 


59. Splicing.—The splicers follow the rail car, but not too closely. They work 
in two parties, the leading one, or head strappers, removing the shims, placing 
the splice bars and inserting a bolt to hold them in position. The back strappers 
follow and complete the joint. After the bolts are first tightened the splice bars 
should be struck a sharp blow with a sledge in each interval and on the ends, Each 
bolt should also be lightly tapped. The bolts will then be found loose and must be 
tightened by a good pull on an 18-in. wrench. Fig. 43 shows a track wrench for 
square nuts. 


60. Spiking.—Two men work together, driving the spikes in the end of the same 
tie at the same time, striking alternately. They usually stand near the rail. If both 
are right or left handed, they will faco each other, one ahead of, and the other behind 
the driving point. If oneis right and the other left handed, they will both stand 
behind the driving point and face ahead. 


The tie is held firmly against the rail while driving, by a man called the nipper, 
who is provided with a pinch bar, fig. 44—a crowbar or lining bar, fig. 45, is not so 
good—and a hard-wood block 2 x 4 x 12 ins., with a spike driven in it for a handle. 
The nipper sets his block outside the end of the tie, lays his bar across it, engaging 
the point under the middle of the end of the tie, and throws his weight on the bar. 


The two spikers start their spikesat the same time, The point must be held against 
the rail and the spike must be kept plumb while driving. This is not so easy as to 
drive them at a slight angle, and the spikers must be watched, and occasionally cau- 
tioned, or the work will not be well done. After the head of the spike is against the 
rail, which can be told from the sound, one moderate blow only should be given. 
This will draw the rail tight, without danger of cracking the head of the spike. If 
rail braces are not used, the outer rail of curves may be double-spiked on the outside. 
If this is done, both spikers strike on the extra spikes. 
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The line side is spiked first, the nipper and spikers secing that the rail crosses 
each tie at the proper distance from the end. If the ties have been gaged, they are 
brought to the mark; if not, the distance is measured by a notch on the handle of 
one of the mauls. In spiking the gage side, the track gage, fig. 42, should be laid 
over every third tie at least. The best spikers should be put on this side. If, after 
the spikes are started, the rail is found slightly out of gage, it can be drawn a very 
little in either direction by bending the opposite spike toward the rail. It is much 
better, however, to use a maul or bar for shifting the rail, as drawing with the spike 
weakens its holdin the tie. If the gage is tight, the inside spike is started first. If 
loose, the outside one. 


Gaging should be accurately done. The gage should be tested by the foreman 
each morning. When one end is down on the rail, the other should just go to place 
without catching, the points of the gage rubbing the rail head lightly as they pass np 
or down. 


On curves the inside rail gains on the outside one about an inch per 100 ft. 
per degree of curvature. When one rail ie 3 ins. ahead, a rail 6 ins. shorter than the 
standard should be put down on the inside, 


Track-Jaying gang.—With fairly experienced men, 3 foremen, 56 laborers, and 
11 teams should lay a mile of track in 10 hours. The division is as follows: 11 men 
driving teams (10 hauling ties and one hauling rail car), 4men loading ties on wagons, 
6men unloading and placing tics, 8 men handling rails, 2 head strappers, 4 back 
strappers, 12 spikers, 6 nippers, 3 men miscellaneous. With untrained men a larger 
gang will be required to make the same rate of progress, but the proportional distri- 
bution will not vary greatly from the above. 


There are several forms of machine for track laying in use which deliver the track 
material ahead of them and follow on the track as it is laid. With them track laying 
can be done rapidly with few men. Machines can not be used to advantage unless 
the bridges are in. 


61. The depot of materials.—The materials for several miles of track should 
be collected at the initial point before track laying begins. A well-arranged storage 
yard is essential to rapid work. The first requisites are plenty of room and plenty 
of temporary tracks, They may be laid on the ground surface, roughly graded, 10 
or 12 ties to the rail, half spiked and half bolted. No material should be unloaded 
on ground much below track level, 


Definite portions of track should be assigned to ties, rails, etc., keeping materials 
of the same kind together. Part of the temporary tracks should have switches at 
each end. Spur tracks should have the switch at the rear or home end. On sidings, 
Tails should be nearest the forward switch, bolts, spikes, splice bars, etc., frequently 
referred to as trimmings, next, and ties last or nearest the home switch. On spur 
tracky the ties should be nearest the switch, the small parts next, and the rails last, 


Rails should be piled lengthwise of the track, on three or more ties to keep 
them off the ground. The piles should be at a distance from tbe track such as to 
permit the rails to be nnloaded and reloaded with rails used as skids. The skid rails 
will work better if they have the base and web cut away at one end, and the heads 
bent down to form hooks, which may be dropped into the stake sockets on the side 
of the car, The Kegs of spikes, bolts, etc., should be on skids or platforms made of 
ties or lumber. The ties should be piled at right angles to the track and in not 
more than two ranks on the side, 


62, The construction train.—If a permanent gang is organized, cars should be 
fitted up for cooking, eating, and sleeping. There should also be a car for office aud 
stores, one for fuel, and a tank car, if water must be carried. These cars should be 
run on a siding, temporary if necessary, and kept near enough to the head so that 
the work train can make the distance in 30 minutes or less. When the camp cars 
are near the head the men may take their meals on the siding, the work train run- 
ning them back and forth. When the distance is greater the men’s dinners may be 
sent out or the locomotive may run the kitchen and dining cars up to the head at 
noon. All box cars used in this train should have end openings. 


The work train consists of a locomotive, and flat cars loaded with materials. All 
materials should arrive at the front on flat cars. If any arrive at the yard in box 
cars, they should be reloaded. It is best to break through the ends of box cars and 
run them on a siding, alternating with empty flats, transferring the loads from one 
to the other across the ends. A mile of average track requires 8 cars of ties, 
5 cars of rails, and 1 car of fastenings, or trimmings. The work train should 
leave the rail head each evening with all empties and should arrive next morning 
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from the base with materials enough for the day’s work. The rail cars are: ahead, 
the trimmings next, and the ties last. 


If all or part of the labor is drawn by details of troops, the organizations may be 
camped near the line and the camp moved forward as necessary. 


63. Ballasting may be kept within a short distance of the track laying, using a 
separate work train and gang. Ballast is hauled on flat cars. There are several 
quick unloading devices, one of which, a double plow hauled by the locomotive, 
might be used, but itis probable that in military railroading men and shovels will be 
the main reliance. 


The quantity of ballast required per 100 ft. of track is 16 cu. yds. from the 
bottom of the ties up, and 4 cu. yds. for each inch of ballast below the ties. For 
ties on 6 ins. of ballast the quantity is 16 + (4 X 6) = 40 cu. yds. for each 100 ft. of 
single track, or 2,112 cu. yds. per mile, This quantity is ample and track, can be 
ballasted with somewhat less. 

Ballast is first deposited on both sides of the track outside the ties at the rate of 
about 4 the total quantity required. This is used to tamp the ends of the ties, the 
middles being left for a subsequent operation. 


64, In raising track to grade, track jacks, fig. 46, are used. If jacks are not 
at hand, bars or levers must be used, but they are slower and less satisfactory. The 
jacks are best worked in pairs and are first used at the grade stakes, where the rails 
are brought to proper grade, level or not as may be required. Next the joints are 
brought up, the jacks being set 2 or 3 ft. away from the joint, and last the centers of 
rails. Jacks should be run up until the rail is a little above grade, as it will always 
settle a little when the jack is slacked off. The amount depends on the ballast and 
the tamping. It will soon be determined by observation. 


65. Tamping.—The short-handled square-pointed shovel is the best tool for filling 
aud tamping new track, Ballast is shoveled between and beneath the ends of the 
ties and crowded under with the shovel by making the first part of the motion which 
would be used to dig it out. To get the best results, the fill between the ties should 
be an inch or so above their bottoms. The first material should be thrown under 
the tie directly beneath where the rail crosses it and that spot should be well 
tamped before access to it is obstructed by other material deposited. 


A half cross section of the track when partly ballasted as described is shown in 
fig. 47. : 


66. Lining.—As the track is raised to grade, it is also lined. The best way is to 
make a center mark on the track gage and throw the track at each center-line stake 
until the center mark is hrought over the tack in the stake when the gage is placed 
on the rails. On taugents, the rails between the stations are lined by sighting. On 
curves, if 25-ft.stakes are set, the rails are curved by the eye while spiking. If 
the rails have been accurately curved, the alignment between stakes will take care 
of itself. 


Filiing in.—The rest of the ballast is next distributed. It must be unloaded on 
the sides of the track as before, unless special ballast cars can be had, arranged for 
center dumping. It is shoveled in and under the ties and between them to their 
tops or sometimes above, as shown in the sections, fig. 48. Under the middle of the 
tie the filling is snug but not tamped. 


67. Track maintenance.—Constant attention is necessary to keep track in good 
condition. The principal points.to be attended to are to keep all ditches and drains 
clear, and to deepen them rather than to allow them to grow shallow; to keep spikes 
and bolts tight, rails in line and grade, and the ends of ties solidly tamped, and the 
removal of worn-out or broken rails and ties, For a military road the repair of the 
enemy’s depredations will furnish a large percentage of maintenance work. 


Tamping in maintenance is a slightly different operation from tamping new. 
track, and other tools are used. Thespace to be tamped is that between the tie and a 
trough in the well-packed ballast. A tamping bar, fig. 49, is used for fine ballast- 
and a tamping pick, fig. 50, for broken stone. The tie is nipped up, 9s in new 
work, and the tamping is tight under the rails and snug only at the middle. Sur- 
facing will be required in the spring, if the track is on dirt or gravel ballast, and in 
any kind of ballast if the drainage is not good and the frost is deep. If there are 
especially bad spots on the section, they should be attended to first; otherwise, it is 
best to begin at one end and work continuously to the other. Send men ahead to 
set up bolts, nip up ties, and set spikes, and, if necessary, to gage the track, so that 


RAILROADS, 801 


when the surfacing gang follows it has nothing to do but line and ‘tamp. With. 
tamping bars, two men should work on a tie opposite each other, striking simulta- 
neously. 


To renew a tie, draw the spikes with a claw bar, fig.51, dig out under the 
tie until it drops clear of the rail, strike a pick in one end, and draw the tie out. 
Slip the new tie in its place, spike, and tamp. 

To renew a rail, have the new one alongside of the old one, and see that it is of 
the right length. Draw or loogen the inside spikes, and when all is ready slip the 
old rail out of place and lift the new one in. Set part of the inner spikes as quickly 
as possible, and the rest before the first train passes, if possible. Be sure,that the old 
rail is not disturbed until everything is ready. 


Fig. 52 shows the usual form of spiking maul. Its average weight is 8 lbs, The 
handle should be 3 ft. long and in driving the hammer should be swung at the full 
length of the handle. 


Fig. 53 shows a track chisel. Its average weight is4 lbs. It is used with a short 
handle, which must not be tight in the eye. 1n frosty weather a chisel should be 
warmed before using. A little oil will make a chisel cut faster and last longer. In 
addition to keeping the cutting edge properly sharpened, the struck end should be 
cleaned up and trued whenever it becomes ragged or battered. 


Fig. 54 shows a device for holding a flag or lamp for protecting the section gang 
when at any work which would interrupt the use of the track. 


68. Wrecking and reconstruction.—0On military roads it is very important to 
have the most complete facilities quickly available for removing wrecks and repairing 
extensive damage to bridges and track, such as would be the result of successful raid- 
ing expeditions. Civil roads keep wrecking trains prepared to start at short notice. 
They are manned by regular employees taken from shops and other places, the reg- 
ular work being interrupted. For military roads, it is essential that the necessary 
working force be kept for this purpose alone. If they can, when things are quiet, 
be occupied in useful work around the shops and yards, it may be done, but their 
function as a wrecking and repairing gang should be of the first importance, 


Wrecking and repair trains are, in part, identical, but they differ enough to 
make it advisable to have one of each made up, loaded and manned ready to start at 
a moment's notice, There should be one at each division terminus, but it should 
work half the length of a division in each direction, If the trouhle is serious, a 
train may be sent from each side, but in any case a locomotive should be sent to the 
wreck from the side opposite the wrecking train. These trains should stand on a 
double Y, from which they can pull out on the main line, headed either way, with- 
out delay, 


Both wrecking and repair trains should be made up, generally, like the construc- 
tion train, par. 62. One engine should be kept under steam ready to couple on to 
either one. If one goes out, an engine should be stationed at a convenient point to 
couple on to the other. These engines may often be taken from those which are 
waiting their turn to go out on the line. Generally, the necessity for the wrecking 
or work train determines the fact that the next regular train or two will not go ont, 


The wrecking train consists of a derrick car, a tool car, and the necessary cars 
of blocking, trucks, and other car repairs and track supplies, and, if required, emp- 
ties for loading the wreckage. The derrick car should be next to the engine, with 
its derrick end ahead. The tool car should contain an ample supply of jacks of 
different sizes and of tackle, a rail saw, track drill, and at least four pairs of car 
replacers, with a full complement of track tools, saws, axes, wedges, crowbars, and 
a telegraph outfit, with climbers, tools, and enough insulated wire to make a con- 
nection with the pole line. A limited quantity of explosives and accessories will 
often be a time saver. 


The most convenient size of rope is 134 in. diam. for reeving tackle and 114 in. 
diam. for slings and attachments to wreckage and holdfasts. There should be plenty 
of rope straps and chains with rings and hooks for slinging objects to be moved or 
lifted. There should be at least one whole coil of 114-in. rope, to be used in making 
alead under the train to the engine for power. Bouble blocks and plenty of 
snatch blocks are best. 

The track material should be a quantity of light rail, about 50-Ib., for laying 
temporary tracks, and some standard rails, ties, joints, spikes, etc., for repairing the 
injured track. There should also be a carload of timbers and blocking. Ties may 
be used, but uniformity of size is inconvenient. Old car and bridge wreckage will 
supply plenty of good blocking. Sections 4 x 6, 6 x 6,6 x 8, 8 x 8, and 10 x 10 ins., 
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and lengths of 2, 4, 6, and 8 ft., are suitable. A few 12 x 12 in. timbers, 20 ft. or 
more in length, should also be carried. 


A wrecking train should have a surgeon and hospital detachment on board 
with necessary equipment. 


The wrecking operations are usually directed by the road master, acting under 
the orders of the superintendent or assistant superintendent, if either of them is 
present. The train master should be present to direct the transfer of freight and 
passengers and to arrange for passing trains by the wreck when it is possible to do 
so. The man in charge of the wrecking train should be a practical rigger and a 
competent foreman. A few of the wrecking crew should be machinists and car 
repairers, the former to strip the engine or get it in shape to run, and the latter to 
replace parts of cars and make quick repairs, 


Wrecking operations are directed to the following objects, in the order named; 


(a) To clear and repair the main track for the passage of trains. 


(+) To get in running order and on the rails all rolling stock which can go in on 
ita own wheels. 


(ce) To load all wreckage which is worth saving or which can not be destroyed, 


(d) To destroy all remaining wreckage. Nothing should be left on the ground 
which the enemy could use for farther obstructions to cause subsequent wrecks. 


The emergency repair train will differ from the wrecking train mainly in the 
substitution of a pile driver for the derrick car, and of additional track, bridge, and 
trestle materia] for the tool and truck cars. Im addition to the train, there 
should be stored as near to each important bridge, trestle, culvert, or other especially 
vulnerable point as can be safely done, a supply of construction material especially 
suited to repairs at that particular point. 


In this kind of work the first effort must be to get a temporary track across the 
gap, on which trains can be passed at low speed, and next, to reconstruct the per- 
manent track, or, if the two are on the same ground, to improve the temporary 
track and make it permanent without stopping traffic, : 


When a high-level bridge is cut, the quickest way to get a track over may be by 
means of a deviation, which is a track run down each bluff to the valley level and 
crossing the stream by a short, low bridge, involving much less and easier work than 
the repair of the high bridge. 


69. When the reconstruction involves a large amount of common labor, as exten- 
sive excavation or embankment, clearing timber, etc., working details from line 
troops will be required, and it may be necessary to put on a construction force inde- 
pendent of the technical staff. 


10. Yards and terminals.—A yard is a number of sidings and spurs, usually 
parallel to each other, although often not parallel to the main track. These aux- 
iliary tracks must be sufficient iu number to permit the convenient and rapid breaking 
up of trains, classification of cars by contents, destination, or otherwise, and making 
them up into new trains in accordance with the new requirements, Yard tracks are 
divided into groups, according to their purpose. A certain number near the main 
liue at one end of the yard are called receiving tracks, and trains arriving pull in 
on them. In convenient proximity is a caboose track, where cabooses are stored 
when not in trains. A group of repair tracks are convenient to the shops, and the 
engine track leads to the engine house, near which should be the coaling and 
watering stations and the ash pit. : 


The train on the receiving track is broken up and its cars switched on to the 
distribution tracks, selected so that those on each of these tracks will belong in 
the same outgoing train. There should be enough distribution tracks to permit the 
convenient classification of freight cars according to their contents and destination, 
and of passenger cars according to character,as baggage, express, coaches, tourist and 
standard sleepers. In most cases, quigoing trains are completed on the distribution 
tracks and pulled from them on to the main track, when authorized by order to do 
so. Itis better, when possible, to have a third group of tracks at the other end of 
the yard, which may be called the departure tracks, When a train is completed 
on a distribution track it may be pulled out on to a departure track, where a caboose 
and engine are added, the designated crew takes charge, and the train is ready, on 
the receipt of orders, to pull out on the main line without delay, and without crossing 
or interfering with any of the yard traffic. Departure tracks permit the distributing 
tracks to be fewer and somewhat shorter. If there are departure tracks, they and the 
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receiving tracks should be divided into two groups designated for traffic in opposite 
directions. Trains which go through or return without change, go direct from the 
receiving tracks to a distribution or departure track, the returning trains through a 
loop or ¥ to turn them around. : 


All yard tracks, except repair and team tracks, should be open at both ends, go that 
all traffic over them may be in the same direction. This permits all traffic through 
the yard to be in one direction, which saves much confusion and delay. The stand- 
ard method of arranging yard tracks for greatest convenience and compactness is by 
the use of ladder tracks, fig. 55, which are oblique tracks at the proper distance 
apart to accommodate the other tracks between them. Tach receiving, distribution 
and departure track connects with a ladder track at each end by the ordinary switch, 
The dead end of each spur track should be provided with an obstacle, to prevent cara 
running off. Fig. 97 shows a bumper which may be made in the field. There are 
several forme on the market, consisting of heavy castings adapted to be bolted to the 
ends of tbe rails, turned upward and inward to meet. A mass of cinders, or even of 
earth, 2 or 3 ft. deep and half a car length along the rails will serve. If the spur 
ends in a cut, the end breast will be left rather steep and the rails run up to it, 


Receiving, distribution, and departure tracks should be 12 ft.c. toc. The ladder 
track at one end of the receiving tracks connects with the main line, as does also the 
ladder track at the opposite end of the distribution or departure tracks, These two 
connections at opposite ends of the yard should be the only ones between main line 
and yard. 


The extent and shape of the yard will usually be controlling as to its layout. Figs. 
56 to 58 show some of the ways in which the ladder tracks may be varied, to conform 
to differently shaped sites. If necessary to fit the ground available, the yard tracks 
may be curved, but it should be avoided if possible. The angle of any ladder track 
will ‘be the nearest of the series of frog angles which will adapt the general plan to 
the requirements of the site. As a rule, the higher numbers will be wasteful of 
space, No. 7 is a good one, and if very crowded, No. 6, or even No.5, may be used. 


The main tracks should be on one side of the yard, unless, in‘case of double 
track, one can be carried along each edge, leaving the yard between them, which is 
most convenient. A yard on both sides of the main track is objectionable, as the 
main line must be frequently crossed in switching. 


Track scales should be as near the main-line end of the receiving tracks as pos- 
sible; in no case on the main line. 


71. A turntable is the best means for turning an engine or car, It is almost 
universally used for switching engines on to the housing tracks, which are usually 
the radii of a circle, covered by a circular building called a roundhouse. 


The required length will rarely be more than 60ft. The track is supported on two 
girders or trusses, tied together, and rotating, sometimes on the pivot alone, and 
sometimes with part of the weight on circumferential wheels. In any case, the ends 
must be supported when a locomotive is running on or off. This is conveniently 
done by a step in the pit wall, over which the ends of the table project and from 
which they may be blocked up or otherwise snpported. 


The main requirements are a good foundation, especially under the pivot, in 
tables of the first-named kind, and under the lining or wall of the pit in all kinds, 
A secure locking arrangement to hold the table at any track is necessary. Figs. 
59-63 show the general features of a turntable, which may be improvised in the field. 
It consists mainly of timber and requires a very shallow pit. A table of this form 
must be 8 to 10 ft. wide, with the track carried on heavy ties. The central part 
should have a clear headway of 20 ft. ‘ 


It will be difficult to improvise a pivot construction which will give satisfaction. 
It will be better to carry the table on a train of live rollers or wheels. Bend two 
tails to a circle of 6 to 8 ft. diam. and connect the ends by splice bars. Procure 6 or 
8 amall heavy wheels—push-car wheels will do very well—and mount them, flanges 
outward, on a frame as indicated in fig. 61, so that they will run easily on the cir- 
cular rails, Spike one of the circles on a solid platform; place the wheel train on it; 
lay the other circle, head down, on the treads of the wheels, and build the table on 
top of and attach it to the base. On such a ring the engine can always be balanced 
so that the ends of the table will ride free. Fig. 62 shows a lever for rotating the 
table, and fig. 63 a locking bar to hold it in position opposite any track. 


Ashes are dumped in ash pits provided at all engine yards. The ash pit is an 
excavation between the rails, usually lined with masonry. The rails are carried on 
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stringers or on the tops of the side walls, as the case may be; the ties being omitted. 
Ashes may be dumped on well-ballasted track in emergencies, but never on trestles 
or bridges. 


72. A transfer table is very convenient for shifting ears between parallel tracks. 
It is especially useful in the repair yard. It consists of a platform similar to a turn- 
table, but running laterally, parallel to itself on tracks perpendicular to ite direction. 
It can be set in line with the ends of a number of tracks which run to the edges of 
the pit. A transfer table is easily improvised from car trucks and timbers. 


73. Permanent yards seldom form a part of military construction. For field 
terminals, which are temporary, the arrangement of auxiliary tracks will be much 
less regular and more open. Sidings will be provided wherever it is necessary to 
unload cars. Stores consigned to organizations present will ordinarily not pass 
through storehouses, but will be unloaded from the trains on to the ground, or, so far 
as possible, directly into wagons. 

Stores consigned to the supply departments will usually go into storehouses or 
into compact piles at designated points for temporary cover, pending issue. Plat» 
forms will be used to the degree to which time and materials at hand permit, but 
the main reliance for discharging cars will be ramps of suitable form to lead 
from the car floor to the ground, which should be provided in profusion and so dis- 
tributed that it will be next to impossible to set outa car at a time or place where a 
ramp can not be procured within easy carrying distance. 


Figs. 63a to 63e show a convenient form of ramp, which may be carried on the 
car or used otherwise, It consists of two skids or girders, figs, 63a and 63b, having 
a hook at the upper end to engage the floor of the car, and a hook at the lower end 
to hold the planking in place. The planks are made up in panels 18ins. wide. The 
necessary roughness may be given by sawing the planks obliquely, fig. 63c, or by 
alternating battens on edge with the planks, fig. 63d. In each end of each panel a 
hole may be bored to receive a stanchion, supporting a side rail or line, fig. 63e. 


A semi-permanent ramp may be formed of ties and rails, as indicated in fig. 63f, 


Storehouses should be narrow and long enough to permit all the cars of a train 
to discharge simultaneously. If there are no houses, the ground occupied by the 
supply departments for storage should be of similar shape for the same purposes, 


14. Motive power.—The locomotive is the most important and most difficult 
feature of railroad equipment. Its full capacity can be developed only by the most 
expert attendance. Every effort should be made to draw expert engineers and fire- 
men by detail from the troops or by employment of civilians, and it will usually be 
possible to do so. If not, men familiar with other forms of steam engines and boilers 
may be utilized, or railroad firemen who have never had engines may be made engi- 
neers, It will be the rule in military railroading that more locomotives must be used 
to do the work than would be necessary in civil procedure, the efficiency of each 
being less. 

The principal parts of the locomotive and their names are shown in figs, 64 and 
65. Attention will be confined to parts the functions of which are peculiar to the 
locomotive and without the range of experience with other steam motors. 


15, The ranning gear consists of the frame (a), the equalizing bars (6), the 
springs (c), and pedestals (d), the journal boxes (¢), andthe wheets(/), fig. 66. 

The frame consists of two forged skeleton girders, one on each side, connected at 
the front end by the bumpers, at the cylinders by the cylinder plate and tbe boiler 
saddle, and at the rear end by the foot plate. The main feature of their design is 
@ jaw for each driver, in which the journal box may slide snugly up and down, 
Its vertical motion is controlled by the equalizing levers acting through the springs 
and pedestal. The function of the equalizing lever isto keep the full share of 
weight always on each journal, which equalizes the wheel pressure on the rail, upon 
which in turn the tractive force depends, and also prevents any wheel from rising 
from the rail, which might permit the flange to ride over the rail and cause a derail- 
ment. When an irregularity in the track causes one driver to rise or drop, the éntire 
fraine on that'side moves upward or downward by an amouut equal to the change in 
one driver divided by the number of drivers and the pressure on the wheels is not 
changed, ; 

Breaks or weakness of the equalizing gear may be temporarily overcome by 
blocking against or chaining to the frame, but in this condition the equalizing action 
ceases, and very careful running is necessary. If a spring breaks, block under the 
adjacent ends of the bara and between the journal box and the top of the jaw, as at 
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A and B, fig. 67, If one end of the bar or the hanger breaks, block up the other end 
of the bar and chain down the end of the spring C, fig. 67; or, if chaining is not 
practicable, block as at B, In case of a broken brass or any accident to the journal 
requiring a reduction of pressure on it, block between the frame and the spring, as 
at B, fig. 68. If a spring is weak but not broken, set a striking block under the end 
of the bar to limit the downward motion, as at A, fig. 68. 


‘When the wheel has to be raised in any of these operations, put a wedge on the 
rail in front of it and run the engine forward until the wheel is on the wedge. 


The wedges which regulate the clearance between the box and the jaw require 
close attention. If too loose, the journal will pound and heat. If too tight, the box 
nay stick and cause a break in the equalizing gear. The left side usually requires. 
more attention than the right. To adjust these wed set the cranks near the 
upper quarter to bring the box against the forward wedges, which are usually the 
fixed ones. Then set up the moving wedges with a short-handled wrench to a snug, 
fit, mark their positions, and slack them back }, in. 


78. Locomotives are classed by the numbers and disposition of their wheels. 
The most common types and the names by which they are known are illustrated in 
figs. 69 to 74, in which the larger circles represent drivers and the smaller ones truck. 
wheels, the direction of forward motion being also indicated. . 


A better system, rapidly coming into use, is to describe the running gear by 

iving the number of wheels in the three following groups in the order named: (1) 

orward non=drivers, (2) drivers, and (3) rear non-drivers. Thus an engine 
with 2 forward truck wheels, 4 drivers, and 2 rear truck wheels is indicated by 
242, etc. 


By this system the Atlantic type becomes 44—2; the Columbia, 2—4—2, etc. 


Locomotives are also classed as passenger and freight, the former having large 
drivers and other proportions adapted to high speed. 


TT. The boilers of locomotives are restricted in size by the necessity of carrying” 
their furnaces between the wheels. To make up for the deficient size they are de- 
signed to produce the highest possible rate of evaporation. This is partly done by 
increasing the heating surface as much as possible, but mainly by using a high forced 
draft induced by control of the exhaust, which enables a very large amount of coal 
to be burnt on each sq. ft. of grate. The most expert firing is also required, and 
care on the part of the engineer to favor the boiler whenever possible. It is only 
with all these conditions met that the locomotive can make as much steam as it can. 
use. 


The type of boiler which has grown out of these requirements, has come into very 
general use in stationary practice, and is known as the locomotive boiler. . It is: 
shown in section, in fig. 75. The boiler of a locomotive differs from the stationary 
boiler of the same type in the piping of the steam to the cylinders. The steam pipe 
leads from the dome down and forward just above the water level and through the 
smoke box to the steam chests. The throttle is at the bend of the pipe, inside the 
boiler, and its stem is prolonged through a stuffing box over the fire door. 


The ash pit has two dampers, one at the forward and the other at the rear end. 
The fire door is farther above the grate than in stationary boilers. A rocking or 
shaking grate is used. 


78. The smoke box or front end connects the flues with the stack, and its design. 
is mainly determined by the requirements of forced draft and the necessity of inter-- 
epee sparks and cinders. Fig. 76 shows the principal parts iu their relative 
positions. 


The nozzle N delivers the exhaust steam through its contracted end in the axis: 
of the stack and at high velocity. The height and orifice of the nozzle must be such 
that the jet of steam will just fill the stack at its bottom. The opening should not. 
be smaller than necessary, as it causes back pressure on the pistons and reduces the: 
power. . 


The gases flow in parallel lines, those from the rear end of the fire box passing 
through the upper flues and those from the front end through the lower ones. The 
tendency is for the upper flues to rob the lower, and this is corrected by the dia» 
phragm DD, which also acts as a deflector to throw the cinders down, or the 
petticoat pipe PP. The diaphragm or deflector plate is used in modern 
smoke-box construction and the petticoat pipe in older forms, Sometimes they are 
combined as in the fig. Both are adjustable, the diaphragm by its movable lower 
edge and the petticoat pipe by raising and lowering. The necessity for adjustment. 
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is indicated by the condition of the tubes and the behavior of the fire. If the upper 
tubes are clogged with ashes, there is too much draft at the bottom, and the fire wil] 
burn brighter and faster—or pull, as it is termed—at the front end. The conditiony 
will be reversed if the upper tubes are drawing too much. Lowering the dia= 
phragm or raising the petticoat pipe favors the lower tubes. The reverse 
motion fayors the upper ones. 

The netting 8 intercepts the sparks and cinders which would otherwise be blown 
out of the stack. Itis apt to become clogged, especially when too much oil is used 
in the cylinders, and will not allow the gases to pass freely. It may be cleaned by 
beating, or by building a light fire on top of it. a 


79, Firing.—In addition to the forced draft, a thin fire must.be carried to get the 
requisite quantity of coal burned. Such a fire burns through very quickly, and when 
there is a hole in it cold air rushes through and a great amount of heating effect is 
lost. The best method of firing is that known as spreading, or a ‘‘ shovel at a 
time.’’ The coal is broken to suitable sizes, not exceeding a 3-in. cube, a shovel full 
is taken, the fire door quickly opened, the shovel of coal thrown on the brightest 
spot in the fire, and the door shut as quickly as possible. Raking and slashing 
the fire should be done as little as possible. 


80. Economizing heat.—The feed water absorbs heat from the fire that otherwise 
might go to the production of steam, The engineer should regulate the feed go that 
it will be greatest when the demand for steam is least. If all steam is required, the 
feed may be reduced so much that the level of water in the boiler will run down 
slowly, or, for a short time, may be cut off entirely. If little steam is required the 
feed may be increased to bring the water level up. Great care must be taken that 
the water level is not carried too high, and especially not too low in this operation. 


81. Boiler troubies.—Foaming, priming, scaling, burning, and leaks sre 
the principal causes of boiler troubles. 

Foaming and priming are the same thing in effect, but due to different causes, 
It is the passage of water with the steam through the cylinders and out with the 
exhaust. It is called foaming when it is due to impurities in the water, as oil, 
alkaline salts, or matters in suspension. It is called priming when the cause is the 
too rapid elimination of steam, and takes place when the boiler is forced, or the 
water is carried so high as to contract the steam space. The remedy for priming 
is to lower the water level and reduce the fire. : 

Foaming is more persistent and troublesome. If the water is impure at ita 
source, its treatment becomes a feature of the water supply. If the trouble is tem- 
porary, the remedy is to open the cylinder cocks and work the surface blow if there 
isone. Start both injectors and shut off steam at frequent intervals to allow the 
water to settle and indicate its correct level. If it is found too high, open the boiler 
blow-off. At the next water station run the tender tank over freely and wash out 
any oil that may bein it. _ 

Scaling is caused by the deposit of mineral salts and sediment on the interior 
surface of the boiler. It is due to continued and not temporary causes, and if its 
reduction is necessary it should be done by treatment of the water supply. In most 
cases the scale will be soft enough to be washed off with a jet of water ‘under fair 
pressure. If too hard to be thus removed it may be necessary to send ® man inside 
the boiler at intervals and clean off as much as possible by hammering and scraping. 
Unless the water is known to be nonscaling, scale may be suspected whenever the 
boiler steams hard. Very thin scale is not injurious. When it is jy of an inch or 
more in thickness it becomes wasteful and dangerous. 

Burning is overheating the metal so that it loses its rigidity and yields under. 
pressure. Its cause is the lack of water against the other side of the sheet to take 
the heat away from it. It may result from neglecting to carry the water at proper 
level or it may be due to one or more of the preceding causes. Priming and 
foaming may lift the water away from the metal long enough to let a hot fire burn 
it. Scale prevents the water from touching the metal and reduces the transfer oi 
heat. When it becomes thick enough burning results. 

Burning occurs only on the interior surface of the fire box and oftenest in the 
crown and tube sheets, It is disclosed by a bag or bulging of the sheet between 
the heads of the stay bolts. Unless very bad, the engine can be run temporarily, a8 to 
a station or repair shop, by using low steam and firing moderately. 

Leaks do not demand instant attention so long as they do not quench the fire or 
waste steam faster than the boiler can replace it, but the pressure should always be 
reduced and the engine worked carefully until it can be turned in for repairs. 
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‘ Sudden large leaks are most apt to occur in the tubes. By plugging the end next to 
the fire, the escaping steam and water are sent forward to the smoke box. Hard- 
wood plugs for the tubes are sometimes carried on the engine. 

In case of a large leak, such as the blowing out of a hand-hole plate, which must 
empty the boiler, the fire must be drawn or banked at once, It is best to get 
it out if possible; otherwise damp earth may be shoveled on it. Water should not be 
used if it can be avoided. 


82, Fuel for locomotives will in all probability be bituminous coal, The quan- 
tity required will depend on the quality, but for present purposes may be assumed 
to average 75 lbs, per train mile, or 4 tons per locomotive per day. The coal bunker 
on the tender carries more than a day’s supply and should be filled before each trip, 
if possible. : 

Lacking better means, the coal may be shoveled and thrown into the tender by 
hand, If it is arriving daily, a coal car and an engine may be switched on to parallel 
tracks and the coal loaded direct from the car to the tender. If the coal is stored, 
it will usually be on the ground, If possible, a place should be selected where 
the track isin a shallow cut, <A platform built out from the bank to the clearance 
line will facilitate the operation. Coal should be moved forward from the face of 
the pile to the edge of the platform so that it can be thrown in with the least pos- 
sible delay. 


If power is used, a convenient arrangement will be a small derrick and a supply 
of boxes or tubs. Enough tubs for one or more engines may be kept filled under the 
derrick. 


Some form of coal pocket which is, in general, a structure in which coal is stored 
at an elevation above the level of the tender, from which it may run in by gravity, 
may be used if the materials are at hand and the length of time in which coaling is 
to be done at the particular point will justify the erection of such a structure. 


88. Boiler feeding.—Water is supplied to the boiler through injectors or an 
equivalent device called an inspirator, There should be one on each side, each 
large enough to supply the boiler alone, thus duplicating the feed. A system should 
be followed to insure the regular use of both, If one is cut out of use for a long 
time it is very apt to refuse to work when the other one breaksdown. The two may 
be used day or week about, or one may be used when running in one direction and 
the other when running in the opposite direction. 


84. The injector is a steam siphon which operates on a very small differential 
pressure and requires good design, accurate workmanship, and to be in good order 
to make it successful. When in order its operation is simple, and when out of order 
the defect should be easy to find. Fig. 77 shows the typical form of the injector, 
Its essential parts are a case, containing the nozzles and seats for steam, water, 
and overflow valves. The steam valve is arranged so that a slight opening 
sends the steam through a smal) orifice and @ full opening through a larger one. 
The former is called the priming jet. This jet, passing through the vacuum 
chamber, drags the air with it and lifts the water until it fills the vacuum chamber 
and passes forward to flow through the overflow valve. This valve normally 
opens to inside pressure and closes to outside pressure, the same as the check valve, 
but requiring less force. 


, When water appears at the overflow valve the injector is said to be primed. 
The overflow is usually brought into the cab, where the engineer can see it, by a tube 
connecting with the overflow chamber. More steam is now admitted, is condensed, 
and communicates its momentum to the stream of water until the latter acquires 
sufficient velocity to force the check valve open and enter the boiler, 


85. For the injector to work properly, the following conditions are necessary: 


(a) The interior parts must be solidly in place, fairly clean and not too much 
worn. If the tubes are taken out, see that they are screwed firmly home when 
feplaced. 

(6) The water supply connection from the tender to the injector must be unob- 
structed and sufficiently air-tight to hold the vacuum, : 

(e) The connection from the injector to the boiler must be unobstructed and the 
check valve must be free to work. 

(4) The supply of steam and water must be in the proper proportion. If there is 
too much ‘steam, the water will be too hot, which will reduce, the vacuum. If too 
much water, the velocity of the combined jet will not be sufficient to lift the check. 
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The proper mixture is well indicated by the temperature of the water at the over- 
flow. 


In cold climates it may be necessary to warm the water in the tender to prevent 
freezing. This is sometimes done by passing live steam through a coil of pipe laid in 
the bottom of the tank, The injector may be used as a heater by closing the over- 
flow and opening steam and water valves, when steam will blow back through the 
feed pipe to the tender. 


86. Injector troubles.—If the injector refuses to prime, it is likely that the 
flow of water from the tender is obstructed or that the pipe is leaking air. Look at 
the connections carefully to see that the strainer is clear, pipes clean, and valves 
open; also that the hose is not kinked or its lining collapsed. The pipe may be 
cleared of slight obstruction and tested for leakage by blowing live steam into it as 
described above for the use of the injector as a heater; the tank valve in this case 
being closed sufficiently to put a slight pressure on the pipe. The escape of steam 
will show the leaks, which may be closed by wrapping, or if in a valve or joint, by 

‘ packing. 

Tf, after priming, the injector will not feed, examine the check valve and connec- 
tions to the boiler. The check valve is likely to stick from an accumulation of scale. 
It may often be set working by tapping the case with a soft hammer or block of 
wood. If stuck open, keep the injector working as long as possible, and when it 
woust he stopped, close overfiow and water valves. If stuck shut, the check valve 
must be freed before injector can be used. If the check valve chatters, it is an indi- 
cation of too much steam for the water or of an air leak in the suction. 


Injectors work best with wet steam, and if one acts badly at high boiler 
pressure, it may sometimes be made to operate by reducing the pressure. On the 
contrary, too much water in the steam will stop the injector, so that great care is 
needed when the boiler is foaming to keep the injector going. It may be necessary 
to stop the engine to make them work, in which case both should be run so as to 
bring the water up as quickly as possible. 


If steam leaks back through the injector, it may heat the water in the supply pipe 
so hot that a vacuum will not form and the injector will not prime. The remedy is 
to blow the hot water back to the tender, as described in testing for leaks and remov- 
ing obstructions. 


87, Water supply.—The quantity required will vary somewhat with the 
Tuling gradient, but may safely be taken at an average of 4,000 gals. per day for 
each locomotive at work. 


Tender tanks hold from 2,000 to 5,000 gals., generally proportionate to the rate of 
consumption, so that all locomotives can work over about equal distances on a tank 
full of water. It is not safe to allow a tank to run low, as the engine might be de- 
layed before reaching the next water station and the boiler might suffer or the train 
be laid out for lack of water. 


Water stations for military roads should not be more that 10 miles apart. They 
should be arranged so that water may be taken both from the main track and from 
the siding. If trains going north or east have the right of way, the station should 
be near the south or west end of the siding, as that is where the engine will be when 
the train is sidetracked, i 


The water should be pumped into tanks with their bottoms 12 ft. above the rail. 
In cold climates provision must be made against freezing by boxing in pipes, mak- 
ing double bottoms and tops, and by draining all pipes when water is not flowing 
through them. 


The tanks should be of auch size that the pumps need be in use in daytime only. 
If water is run direct from tank to tender, there should be two tanks, one on the 
mnain track and one on the siding, both connected to a single pump, unless the side 
track can be spaced far enough from the main track to give room for a tank between. 
If water cranes are available, they may he placed between the tracks to supply en- 
gines on both, and one tank only is required. If the activity of the enemy makes it 
impracticable to use an elevated tank, a cistern must be used and the water pumped 
into the tender. The quantity of water to be supplied at any station will depend on 
the distance to the adjacent one and the number of trains perday. Asa rough 
guiding rule, a minimum will he 1,000 gals. per hour and the source of supply and 
pumping capacity should be for at least that quantity. If no water is to be had 
along the line, the only recourse is to provide tank cars and haul the necessary quan- 
tity in the train. 
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In emergencies, the use of the pulsometer or other form of pump not requiring a 
rigid foundation, may be held in view. If the water is fit for use and its source close. 
by and not too far below track level, such a pump may be used to fill the tank, 
taking steam from the locomotive. This process will be slow. , 


88. The quality of water best suited to boiler use is that usually described as 
clear and soft. Waters which are hard or turbid, or both, will form scale. With 
most such waters the scale results from deposits of carbonate of lime or magnesia, 
and is soft enough to be blown or washed out, unless caked or hardened by blowing out 
the water while the boiler is hot, and attention to the operation of the boiler obviates 
the necessity of treating the water. Waters containing sulphate of lime or magnesia 
sometimes form scale so hard that it can only be removed with chisels, Feeding 
kerosene oil into the boiler at the rate of 3 pints a day, as regularly and as continu- 
ously as possible, will soften much scale of this kind so that itcan be blown or 
washed out. Soda ash used in the tender tank will soften hard scale. No scale 
solvent should be used in excess of the quantity necessary to neutralize the scale- 
forming impurities, and all commercial softening compounds, usually denominated 
boiler compounds, should be regarded with suspicion, as most of them contain 
tannic or some other acid which will injure the metal of the boiler. 


Some impurities corrode the boiler, and these, if present, must be neutral. 
ized. Acids, including those derived from grease, chloride and sulphate of 
magnesium, dissolved carbonic acid, and oxygen are corrosives. Slaked lime ma: 
be used with advantage for all such waters. If chemicals are applied in the 
tender, they should be stirred in with a stick or paddle to disseminate them as 
much as possible. 


Frequent blowing-off of the boiler is essential when any scale solvents are used 
in the tender tank. 


89. The water may be treated at the station, in which cage the object is to remove 
the incrusting solids and prevent the formation of scale. 


For this purpose lime is used to precipitate the solids which form soft scale and 
soda ash for those which form hard scale. The quantities depend upon the character 
of the water. 


There are two general systems of wate~ softening in use—the intermittent and the 
continuous. With proper apparatus, which can be obtained from manufacturers, 
the continuous system is the best. With apparatus extemporized in the field, the 
intermittent system only need be considered. 


The reagents should be dissolved in water to saturated solutions in barrels or 
small tanks raised above duplicate water tanks and arranged for discharging into 
either. The water tanks should be provided with gates or valves in their bottoms to 
draw off the sludge. The solutions may be allowed to run slowly from their tanks 
and mix with the entering raw water, the rate of flow being so regulated that the 
proper amount will be dellvered while the tank is filling. Or, the tank filled, the 
entire quantity of solution to be used may be run in at once and mixed with the 
water by a stirring device, The former method will be better if the flow of solution 
can be watched to see that it does not diminish by clogging the outlet, The tank of 
treated water is allowed to stand for as much of 24 hours as the tank capacity per- 
mits, when it is available for use. Care must be taken to draw from the tank ata 
level well above the top of the sludge. By treating and using the duplicate tanks 
alternately a continuous supply is maintained. 


An analysis of the water, which may be obtained from the Medical Department, 
will show the weight of each mineral constituent, usually in grains per gallon, This 
divided by 7 gives the Ibs. per 1,000 gals., which is a convenient unit to use. 

The quantities of reagents required are: 

For each 100 Ibs. of carbonate of lime in the water, 56 lbs. of unslaked lime. 

For each 100 lbs, of sulphate of lime in-the water, 85 Ibs. of soda ash. 

Water requiriug treatment will carry from 1 to 6 lbs, of total incrusting solids per 
1,000 gals, The upper limit is not likely to be exceeded except in highly con- 
taminated wells. 

For purposes of estimate, the corresponding aggregate weight of soda ash and 
lime may be taken at 4 to 4 Ibs. per 1,000 gals. 


If an analysis can not be had, the kind and quantity of reagent required may be 
determined fairly well by examination of boilers which have been using the water. 
If the scale is lightish in color and soft, lime is needed, in quantities proportionate | 
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to the amount of scale. If the scale is light in color and very hard, soda ash is 
probably required. If the scale is light colored and medium hard, it is likely that 
both reagents should be used, more lime or more soda ash, according as the scale is 
softer or harder. If the scale is dark in color, the suspended matters in the water 
have formed part of it. ¥ 


If the water is very turbid and not very hard, the proper quantities of reagents 
will not cause sufficient deposition of sediment and a coagulant may be required. 
Alum and copperas, in the ratio of 1 to 4, make a good coagulant, 34 Ib. of which 
per 1,000 gals. will settle a very turbid water. Great care must be taken to neutral- 
ize the coagulant by increasing the quantities of lime and soda or the treated water 
will be corrosive. One-half lb. of soda ash and 14 lb. of lime should be added for 
ha pound of coagulant in addition to the quantities neceesary to remove the 
hardness. 


90. Troubles with steam distribution.—These relate to the control of the flow 
of steam from the time it leaves the boiler until it reaches the atmosphere through 
the exhaust. They may result from breakage, or from the lack of adjustment of 
moving parts which should be steam-tight. 


Breaks will always require instant attention. Leaks, often called blows, may 
or may not, according to their nature and amount. In most cases the trouble will 
be on one side only and the work to be done on the spot will consist of applying a 
remedy, if it can be done, or if not, of disconnecting the lame side and arranging all 
parts so that the engine can run in by use of the other cylinder or, as it is called, on 
one side, : 


91, Location of the troubie.—The simplest tests of steam distribution are the 
escape. of steam from the cylinder cocks and the regularity of the exhaust. Thore 
are four blasta of the exhaust for each revolution of the drivers, and if things are 
right, the four puffs should be regular in interval and force. They rarely are so 
perfectly so that a quick ear can not detect some irregularity, but a difference indi- 
cating that something needs attention will be obvious to anyone. A considerable 
irregularity of exhaust will not require immediate attention if it continues. If the 
irregularity comes and goes, or changes in amount, somethIng is wrong, and instant 
attention is required. It is very important for the engineer to know, and as far as 
practicable locate, every irregularity, no matter how slight, in order that he may 
report it at the end of the run and give the repair force all possible help in getting at 
the seat of trouble quickly. When one blast is too strong, the other on the same 
side is likely to be too weak. If one is too early, the other will probably be too late. 
Note which side is on the center at the time the unequal blasts occur. The trouble 
is on that side. In case of a sudden and variable bad exhaust, see that the valve is 
well lubricated, and examine the valve mechanism, rods, rockers, eccentrics, 
eccentric shafts, and link motion for looseness, bends, or breaks. 


With all cylinder cocks open, steam should blow from the cocks away from which 
the piston is moving and not from the others. Any variation from this ¢ondition 
indicates that something is wrong and which side it ison. With the reverse lever 
at the center and the throttle open, no steam should escape from any of the cylinder 
Sooke: Trouble indicated by the cylinder cocks is generally in the piston or valve 
seat, 


92. To shut off steam on one side.—If the valve is in working order, set it at 
its middle point, determined by the rocker arm being vertical, or by no steam 
escaping from the cylinder cocks when throttle is slightly open. Place the valve 
clamp, fig. 78, on the stem and push it up firmly against the face of the gland with 
the slotted lugs on the gland studs. Tighten the clamp bolts and then set up the 
stud nuts against the Iugs of the clamp. Now disconnect the valve rod from the 
stem and rocker. 


Tf the valye stem is broken off too short to take the clamp, the steam-chest 
cover must be lifted and the valve blocked inside. Set the valve in the middle 
position, cut and fit wooden blocks between it and the ends of the steam chest, AA, 
fig. 79. If the valve is not balanced, it should also be biocked down by a piece filling 
the space between it and the cover B, fig. 79. If the stem is too short to reach 
through the opening in the gland, take out the yoke and stem and drive a plug in 
the hole from the inside. If the valve only is broken, take out the pieces aud fit 
blocks uuder and inside the yoke, using the clamp as before described, fig. 80. Tf 
the stem is short enough to take out the yoke, a piece of plank the length of the 
inside of the steam chest and the width of the valve openings may be used, the hole 
in the stuffing box to be plugged as before. 
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For piston valves, the operation of clamping or blocking ia the same in prin- 
ciple, but much easier, fig. 81. 


There is no pressure tending to move a valve out of its position when blocked. 
The blocking should be designed and placed to resist displacement by vibration 
rather than by pressure. 


¥ the steam chest will not hold steam, the blow must be blocked off at the 
ports which lead into the chest. If the cover is not broken, it may be used to hold 
the blocking, fig. 82. If the cover is broken, remove it and substitnte a piece of 
plank. The valve, yoke, and stem must be removed, The side casing of the chest 
mnat be removed if badly broken, otherwise it is not necessary. 


If the forward cylinder head is broken, it may be possible to close the forward 
steam port by a block under the valve and use that side single-acting, fig. 83. 


93. To disconnect.—When steam is cut off from one side, the piston and cross- 
head on that side must not be allowed to move. The exceptions to this rule 
are so few and unimportant that it is better to make it universal. The main rod is 
disconnected at both ends or taken down. The piston and crosshead are pushed to 
one end as far as they will go, and held there by blocking between the crosshead 
and the farther ends of the guides, kept in place by bolts, clamps, or lashing. Figs. 
84, 85, and 86 show the application to different forms of crossheads, 


94. Accident to link motion,—If a link is broken, the side is disabled. Remove 
the link A, eccentric rods B, and straps C, fig. 87, and disconnect the side. Note 
that when this phrase is nsed, it always includes cutting off the steam, par. 92, 
blocking the crosshead, par. 93, and taking down main rod. If a backing 
eccentric rod or strap is broken, take it down and set the link for full stroke for- 
ward. The engine can not be reversed nor the cut-off changed in this condition. 
Ifa forward strap or rod is broken, take it down and put the backing strap and 
rod in its place. If the rod is not broken, it may be put on the backing side and 
clamped to the forward rod to steady the link, fig. 87. The engine can not be re- 
versed, though the reverse lever may be used on the forward motion, changing the 
cut-off on the good side, but the lameside will work at full stroke in all positions of 
the link. If a backing eccentric breaks, proceed as though the strap and rod 
were broken. If a forward eccentric breaks, it may be possible to sbift the 
Lipset one into its place, although it will usually be better and quicker to discon- 
nect the side. 


Ns a rocker arm, upper or lower, is broken, remove the part and disconnect the 
side. 

If an upper rocker pin is broken, an attempt should be made to replace it. If 
a bolt or pin smaller than the hole must be used, drive hard-wood wedges around it, 
or make a liner of a sheet of thin metal wrapped around the pin as many times as 
may be necessary to give a snug fit. Ifthe pin can not be replaced, disconnect the 
side, : 
If a break occurs in the connection between the reverse lever and the link, the 
engine may be set to go ahead with a fixed cut-off on the lame side by blocking the 
link in the desired position. If the break affects one side only, a single block above 
the link block will do, fig. 88. In this case the good side may be worked at longer 
cut-off than the lame one, but not at shorter, and the engine can not be reversed, 


If the break affects both sides, take down the hangers and block both link blocks 
above and below at the point of forward cut-off which will haul the train. In this 
case no change can be made in cut-off and it is impossible to reverse. 


If a side rod is broken or bent, it must be removed or taken down; and in all cases 
where a side rod is taken down on one side, the corresponding side rod must he 
taken down on the other side. 


’ 95. If the throttle connection breaks, the valve may remain open or it may 
remain shut. In the former case, the engine can be run with care by reducing the 
steam pressure, if necessary, so that the reverse lever can be worked, in which case 
steam can be shut off sufficiently for operation of the engine by placing the reverse 
lever on the center. : 


If the broken throttle is shut, nothing can be done until the steam is lowered, the 
cover of the dome removed, and the break repaired. 
Drifting.—A locomotive running with steam shut off is said to be drifting or to 


drift, As the piston must move, the cylinder becomes a pump, and there is danger 
of injuring it hy cinders or hot gases drawn in from the smoke box. When power 
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is not required, set the reverse lever in the end notch, forward or back, as the caso 
ay be, and open the cylinder cocks and give a little steam—just enough to show 
at the cocks. 


96. Rerailing.—An engine off the rails but not off the ties may often be put back 
without outside assistance, especially if, as is often the case, only the pilot truck is 
derailed. 


Some form of rerailing frog, figs. 89 and 90, should be carried on the train, If 
there is not a frog for each wheel off, give preference to the wheels which are outside 
the rails and block up under the others. 


Asa rule, an engine will go back easiest over the route it followed in going off. 


When anything happens to the engine during a run, there is always something 
for the engineer and train crew to do at once, either in making the necessary repairs 
to get in, or in preparing the machine to be towed in, If help is sent for, the engi- 
neer should try to have his engine ready to be moved by the time help arrives. 


97. The air brake.—The fundamental parts of the quick-action automatic are 
shown diagrammatically in figs.91 and 92. Fig. 91 contains the locomotive and ten- 
der equipments and fig. 92 those of passenger and freight service. They are the 
pump, which compresses the air; the main reservoir, in which it is atored; the 
train pipe, which runs from the engine to the rear of the train connected from car 
to car by hose with quick couplings; the brake cylinder, one beneath each car, 
which operates the brake mechanism; the auxiliary reservoir, one for each cylin- 
der, which supplies air to the cylinder; the triple valve, which controls the flow of 
air from the train pipe to the auxiliary reservoir and brake cylinder, from the reser- 
voir to the cylinder, and from the cylinder to the atmosphere; and the engineer's 
valve in the cab, which controls the flow of air to and from the train pipe and the 
pressure therein. Minor features are, a cutsoff valve between the train pipe and 
the triple, by means of which any car can be cut out without affecting the rest of the 
train; the angle valves, one at each end of each car at the inner end of the con- 
necting hose; the bleeder cock of the auxiliary reservoir, by which the pressure in 
it can be reduced, to compel the brake to release when stuck; the conductor’s 
valve, used on passenger equipment, which may be operated from a car and opens 
the train pipe to the atmosphere, reducing the pressnre and setting the brakes; and 
the gage which indicates the pressure in the main resérvoir and train pipe. Usu- 
ally the gage is duplex, two hands moving in front of the same dial, the red hand 
indicating reservoir pressure and the white or black hand the train-pipe pressure, 
There is also a pressure-retaining valve, which, when placed on a car and cut into 
action, holds the cylinder pressure at 15 lbs. while the engineer’s valve is set to re- 
lease and the auxiliary reservoirs are recharged. It is not always used, but is added 
to freight equipment when long grades are encountered. The handle of the valve is 
in an accessible position at the end of the car and is worked by hand. 


98. The pump, fig. 91, is a small] air compressor mounted vertically on the engi- 
neer’s side just in front of the cab. The proper speed is 45 to 60 strokes a minute. 
It may be run faster, but not for long, as it will get hot, due to the liberation of heat 
from the rapidly compressed air. If run too slow, it may also get hot from leakage 
past the air piston, causing the same air to be recompressed without the cooling effect 
of fresh outside air. 


The gland packing between cylinders requires careful attention. The gland nuts 
should be no tighter than is absolutely necessary to prevent leakage of steam or sir. 
The piston rod is kept well lubricated by a swab. Some oil passes into the air cylin- 
der on the rod, probably enough, as little is required. No heavy or gummy oil should 
be used on the rod or in the air cylinder. 


To start the pump, open the draincocks of the cylinder and valve chest and 
admit steam slowly to blow out water and warm up gradually. When there isa pres- 
sure of from 20.to 30 Ibs. in the reservoir, the cocks may be closed and full steam 
given. The pump when started regulates automatically by means of a pressure 
governor, starting when the train-pipe pressure falls below the standard and stop- 
ping when it goes above it. The interior parts and surfaces of the air end are very 
likely to become gummy and stick and will require occasional cleaning with lye or 
soapsuds, followed by a thorough rinsing with elean hot water. 

The triple valve is operated by the difference of pressure in train pipe and aux- 
iliary reservoir. If the train-pipe pressure is equal to or greater than that in the 
auxiliary, the valve takes a position allowing air to pass from the train pipe to the res- 
ervoir, but through a contracted opening and not rapidly. This keeps the reservoir 
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charged to full pressure at all times when the brake is not in action. If the train- 
pipe pressure falle below auxiliary pressure, the triple takes a position which cuts off 
the flow from the train pipe to the reservoir and permits a flow from the auxiliary 
to the brake cylinder, setting the brake. This is called the service position, If 
the reduction is large enough, the triple takes another positian, which, in addition, 
allows air to pass direct from the train pipe to brake cylinder and increases the speed 
and force of the brake action. This is called the emergency position. When the 
train-pipe pressure is increased to somewhat more than the auxiliary pressure, the 
triple takes the position first described, called the release position. 


The engineer’s valve is a triple-ported rotary valve combined with a differential 
pressure valve. It regulates and controls the distribution of air and pressures be- 
tween the main reservoir and the train pipe and between the train pipe and the 
atmosphere. It also maintains a pressure normally equal to train-pipe pressure in a 
small equalizing reservoir, usually called the little drum. The little-drum pressure 
and the train-pipe pressure act on opposite sides of the piston of the differential valve 
and control its movements. The white or black pointer, while nominally indicating 
the train-pipe pressure, is in reality connected to the little-drum, the pressure in 
which is, with momentary exceptions, the same as the train-pipe pressure. 


- The engineer’s valve is mounted in the cab under the engineer’s hand and cou- 
nected to the duplex gage, the main reservoir, the train pipe, and the little drum. 
It also opens to the atmosphere. It performs all its functions by placing the handle 
of the rotary in different positions indicated by marks. 


There are flve such positions: Running, service, lap, release, and emergency. 


In the running position, used when the train isin motion and the brakes off, 
air passes from the main reservoir to the train pipe and the little drum, but through 
small ports and also through a reducing valve, called the excess pressure valve, 
which reduces its pressure. In one form of engineer’s valve the reduction is con- 
stant at 20 lbs. In another form it may be varied. When the latter form of valve 
is used the pump governor is connected with the main reservoir instead of the train 
pipe. In the running position a constant pressure is maintained in the train pipe, 
enough air passing from the reservoir to supply leakage. 


+.In the service position, which is that of ordinary brake application, the rotary 
opens the little dram momentarily to the atmosphere, reducing its pressure below 
that of the train pipe, which moves the differential piston, opens the train pipe to 
the atmosphere, and sets the brake. When the train-pipe pressure reaches the re- 
duced pressure in the little drum, or a little below, to allow for friction of parts, the 
piston moves back and closes the exhaust of the train pipe, holdiug its pressure at 
that point. The engineer’s valve in such an application is set at service until the 
hlack pointer drops about 5 Ibs., when it is quickly set atlap. The service reduction 
ig not constant. For a long train, or with brakes in bad order, a greater reduc- 
tion than 5 lbs, will have to be made. The rule should be to make the least 
reduction which will set the brakes promptly and surely. 


In the lap position, all ports of the rotary are closed and there is no movement 
of air in any direction. In this position the black hand shows the pressure in the 
little drum, notin the train pipe. Leakage should be so small that all pressures will 
remain nearly constant in this position. 


To throw off the brakes, the engineer’s valve is set to the position of release. 
Air now passes direct, not through the reducing valve, from the main reservoir to 
the train pipe, raising its pressure and releasing the brakes through the action of 
the triple valve, The little-drum pressure is at the same time equalized with that of 
the train pipe. 


There is also 2 full release position, differing from the above, in giving a larger 
passage from the reservoir to the train pipe, to bring its pressure up more rapidly 
and give # more positive working of the triple. P 


The standard pressure in train pipe, auxiliary reservoir, and little drum is 70 
Ibs. per sq. in., and is indicated, except in the lap position, by the black hand. 
The standard main reservoir pressure, indicated by the red hand, is 90 lbs. 
When these pressures are indicated, the pump should be running only fast enough 
to supply leakage. In the running position, the hands should always be 20 lbs, 
apart, or with the adjustable form of engineer’s valve, should differ by the adopted 
excess pressure. When the black hand shows less than 70 lbs., the pump should be 
running. When the pump governor is connected to the train pipe, to get any excess 
pressure in the main reservoir, it is necessary to move the valve to running position 
before the black hand has reached 70 Ibs. 


87625—09—-21 


822 ENGINEER FIELD MANUAL. 


99, Terminal test.—As s00n as an engine is coupled toa train with air brakes 
the train-pipe pressure being. preferably 70 Iba., but in no case less than 60 Ibs. 
the englneer’s valve should be put to lap and leakage in all parts of the system noted. 
If tho train pipe leaks, the brakes will goon. If the reservoir or little drum leaks 
the pointers will fall. If the leaks are large enough to interfere with operation, they 
must be found and corrected. A series of moderate reductions should then be made 
to give 20 Ibs. reduction of train-pipe pressure, and the brakes held on while all 
the cars are examined to see if their brakes have set and are holding. When this 
is done, the engineer is signaled and he puts his valve to release, when the inspection 
is repeated to see if all the brakes have gone off. If these moderate reductiona do 
not cause the brakes to act properly and promptly, try heavier reductions, 


100. A brake may refuse to set or, having set, may release prematurely, 
or may refuse to release at all. If the brake refuses to set, look particularly to 
see thatitis cutin. If it is cut in, try the bleeder of the auxiliary to see if that is 
charged. If it is not charged, the trouble is likely to be a stoppage in the feed groove 
of the triple. If the reservoir is charged, it ia likely that the piston of the triple is 
stuck. It will sometimes let go if the case is jarred a little with a block of wood. 
If these means do not prevail, cut out that brake and mark the car for attention at 
the shop. 

If the brake goes on and releases immediately, there is a leak from the aux- 
iliary or the brake cylinder. If from the auxiliary, air will blow from the exhaust 
of the triple. If the leak can not be found and stopped, the brake must be cut out 
and the car marked as before. 


If a brake, having set, fails to release, note whether air escapes from the exhaust 
port of the triple. If it does not, look at the retaining valve, if there is one on the 
car, and see if it is cut out and whether its exhaust port is free. See that the hand 
brake is quite off, and note whether the slack of the brake gear is right. If there 
is a blow at the triple, jar the case with a block of wood, make a heavy reduction, 
and release, If the brake does not go off, cut it out, discharge the auxiliary through 
the bleeder, and then cut the brake in suddenly. If the blow continues, cut the 
brake out for the rest of the run, marking the car as before. * 


The tightness of the piston in the triple is of great importance and may be 
tested when air is on and the brake set, by opening the bleeder of the auxiliary very 
slightly. If the brake releases promptly, the piston is tight. If not, open the 
bleeder a little more, and after 15 seconds or 50, if the brake does not release, open it 
a little more, repeating the operation until the brake goes off. The leakage past the 
piston is a quantity somewhere between the discharge of the bleeder just before and 
after the brake releases. 


A very frequent trouble is a brake going into cmor gen action when a 
service application is made, If one brake on a@ train does this the others will fol- 
low. The most frequent cause is a sticky triple which does not respond to a moder- 
ate reduction, and wheu a further reduction is made, lets go and jumps to emergency 
position. This reduces the train-pipe pressure suddenly in that vicinity and causes 
the nearest triple on each side to go into quick action, and so on throughout the 
train. To locate a defective valve, make a light service reduction and look for a 
brake that has not set. Cut it out and test to see if the rest are working properly. 


The trouble may be due to a weak or broken spring, in which case it ia more 
difficult to locate, A good way is to close an angle cock in the middle of the train 
and try the brakes. If the trouble occurs again, it is in the half nearest the engine. 
If it does not occur, the trouble is in the other half. This may be repeated until 
the defective triple is located in a cut of a few cars, which may be cut out one by 
one until the trouble is found. When found, cut out the brake and mark the car. 


101. Accidental applications.—-When the brakes go on suddenly without the 
use of the engineer’s valve, the engineer should set his valve at lap.to hold the main 
reservoir pressure, and as soon as the train has stopped, look for the cause of the 
application. It may be the opening of # conductor’s valve, the bursting of a hose, 
or the parting of the train. 


102. Leaks in the train pipe may usually be located by the noise of escaping 
air, A piece of hose, however, may leak considerably by porosity. Smear it with 
soapsuds and watch for the formation of bubbles. Other leaks are corrected by 
screwing up joints or putting in new gaskets. 

A leak in the triple is indicated by a blow at the exhaust. If the brake sets 
when cut off from the train pipe, the leak is from the train pipe. If not, it is fren 
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the auxiliary. The exhaust port of a triple or retaining valve must never be 
plugged up to stop a blow. 


103. Piston travel.—The proper working of the brakes in a train requires a 
fair uniformity in the travel of the pistons in the brake cylinders. The normal 
travel is 6 to9 ins, It is regulated by devices called slack adjusters, generally on 
the brake beam, but sometimes provision is made for changing the length of some 
of the brake rods for this purpose. When adjusted, the travel should be about 6 ins. 
It will gradually increase as the brake shoes wear, and when it reaches 9 ins, it 
should be set back, When new brake shoes are put on, the travel must always be 
adjusted, Some of the latest passenger equipment has automatic slack adjusters. 


104. Hand braking.—The air brake is the most difficult to work of all railroad 
appliances. Civil roads find it necessary to maintain a school of instruction and 
practice, to give the men the proper knowledge in its use. For military rouds, it 
should be used if possible, but it should not be relied upon exclusively. All hand 
brakes should be kept in order, and engineers and brakemen should be trained in 
their use and in the signals for working them. 


When air brakes are in use, the hand brakes on the same car must always be 
entirely off, and when hand brakes are used ou any car the air brake on that 
car must be cut out, 


Military trains will usually be mixed, i. e., will contain passenger and freight 
cars, The latter have a certain amount of slack in their couplings, the proper 
management of which is of great importance to smooth running. In stopping or 
slackening speed, the cars tend to run together, when the train is said to be 
bunched, but in starting the slack runs out and the train is said to be stretched. 
1f the train is all air, which is not probable, the slack will not give much trouble. 
If the train is part air, aa it is very likely to be, the speed should first be checked by 
shutting off the steam and allowing the engine to drift until the train is bunched, 
then a very light redaction should be made to take up the spring slack, followed 
by a sufficient reduction to bring the train to a stop at the desired point. 


The order of cars in a military train is affected by some considerations other 
than the air braking, but so far as the other conditions permit, the air cars should 
he placed next to the engine and cut in, with the non-air cars in rear of them. All 
air brakes which will work should be used, Ifa fair proportion of the cars are air- 
braked, no hand brakes will be needed. If the air brakes in use will not control the 
train, hand brakes must be set in addition. Those nearest the air cars should be set 
first. When hand brakes are used on the same train with air brakes, the engineer 
must signal brakes off and wait for the hand brakes to be released before he releases 
the air brakes. 


Smooth handling of trains is, if possible, more important for military than for 
etvil roads, since the management of a military road has a vital interest in the nervous 
condition of its animate traffic when delivered at destination. Engineers can, if 
careful, handle trains without much shock and they should be required to do it. 


105. Sanding.—From the sand box on the top of the boiler, sand is discharged 
through a pipe on each side and falls on top of the rails. Sand is used for two pur- 
poses: To increase the adhesion of the drivers and give the engine more tractive force, 
and to increase the adhesion of all wheels to augment the brake offect. 


It is better not to apply sand to wheels that are slipping. If for increased traction, 
cut down the steam until the drivers roll on the rails, then sand and open the throt- 
tle. If for braking, let off the brakes to be sure that all wheels are rolling, then 
sand, and after the train has run its length, set the brakes. The object of this is to 
prevent flatting the wheels by sliding them on sanded rails, and this injury to the 
rolling stock is the main objection. For an emergency stop, it goes without saying 
that brakes will be set and sand applied without regard to the effect on the wheels, 

Sand should not be run continuously, but intermittently, opening the sand valve 
for @ few seconds at intervals of 100 or 200 feet. The tires will take the sand up 
and distribute it. When sanding for a stop, continue until the train comes to a 
pias When sand will not run on one side, it is better not to use it on the 
other. 


106. Rolling stock.—In the finances of a road this term includes everything on 
wheels. In operation it is useful to class locomotives separately as motive power 
and to include cars of every description as rolling stock. 

The parts of a car are the truck, the body, and the draft and brake mechan- 
isms. Americati cars are principally of the 8-wheel type, moving on two 4-wheel 
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trucks. The only important exceptions are on coal roads, where many coal cars on 
four wheels are used, and heavy passenger cars which have six wheels to each truck. 


107. Trucks.—The truck is a rigid frame holding the two axles parallel to each 
other. It presents jaws to receive the journal boxes as described for the locomotive. 
In these jaws the boxes move up and down, controlled by springs. Fig. 93 shows a 
side view of a typical freight truck, and fig. 94 of a passenger truck. 

The truck is attached to the body by a kingbolt. Sometimes the kingbolt may be 
withdrawn through the floor of the car; if not, by picking up the end of the car the 
kingbolt will draw out and the truck may be removed and replaced by another. Th» 
car is steadied on the truck by side bearings on the bolster. Sometimes these are of 
roller type. 


The principal characteristic of the truck is that the pressure is on the top of the 
bearing instead of on the bottom as in most stationary practice. A section of a car 
bearing is shown in fig. 95, and a side elevation in fig. 96. It consists of a journal 
box fitting into jaws in the truck frame. The top of the box receives the brass 
which rests on the journal. The lower part of the box is called the cellar and is 
designed to hold the lubricant. The back or inside of the box fits fairly close around 
the axle, fig. 95. The front is closed by the lid, sometimes called the dust cover. 
The cellar is filled with waste saturated with oil. The waste must be alive or springy 
so that it will press against the underside of the journal, which takes its oil by rub- 
bing against the waste, If it mats down so as to leave the journal, no oil is supplied 
and heating results. Especial care is required to get the waste up to the journal at 
the back end. 


108. The draft gear consists of the coupler and drawbar, spring case, and 
spring. Couplers are of two general classes, the link and pin and the automatic, 
figs, 98, 99, and 100. The link and pin type is almost obsolete in standard equip- 
ment, Theautomatic is of many forms, all depending on the working of a knuckle. 


The draWbar is attached to the underside of the floor frame by means of timbers 
or plates or both, firmly bolted to the floor frame and forming a channel to receive 
the drawbar and the spring case. In some forms of attachment allowance is made 
for a slight spring-controlled side motion, to reduce lateral shocks. The variable 
distance hetween cars which a coupler permits is called slack, and that part of it 
which is caused by compression of springs is called spring slack. Passenger coup- 
lers lock very closely and are mapped with spring buffers, so that all their slack is 
spring slack, Freight couplers have considerable pin slack, the link and pin more 
than the automatic, : 


The brake gear, figs. 101-105, consists of a system of rods and levers connecting 
the piston or handwheel with the brake beam, which carries at each end opposite 
the tread of the wheel a brake block, in which is keyed a removable and sometimes 
reversible brake shoe. The beam is of wood or metal, the latter rapidly coming 
into use; the block of cast steel and the shoe most often of soft cast iron, though 
many forms of composite shoes, composed of hard and soft materials, are in use, 


109. Signals are given by means of targets, flags, ered ps fusees, whistles, 
bells, torpedoes, posts, and boards, and with hands and arms. They may be 
classified ia various ways. 


First, into permanent signals, which may have several meanings, are continu- 
ously displayed in one or another of their meanings, their absence to be construed in 
their safest meaning; temporary signals, which have but one meaning, and the 
absence of which means nothing; and train signals, which are those carried on 
locomotives and rear cars to indicate the character of the train and its complete- 
ness, the direction of its motion, and whether it is followed by other trains. : 


_ Tem rary signals, in addition to compliance, require to be answered as an 
indication that they are seen and understood. Permanent signals, as a rule, 
require no acknowledgment, but only compliance. 


Switch, crossing, station, and block signals, bell and whistle posts, slow boards, 
etc., are permanent signals. Lanterns, flags, bells, fusees, and torpedoes are tempo- 
Yary signals. Train signals consist of flags and lamps. 

Second, into visual and audible signals. 

Third. Visual signals are also classed as day and night. Night signals aro 
made by lanterns, lamps, and fusees. Usually day signals are displayed at night 
also, the night signals being added. Night signals are displayed from sunset to sun- 


tise and during the day also in thick weather. Audible signals are eqnally effective 
day or night. 
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Fig. 108. Back. 
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Visual signals give their indications by color, position, or motion. The 
standard signals adopted by the American Railway Association, and in general use 
on the ronds in the United States, are as follows: 


Color signals.—Red, stop, except on switch stands, where it means that the 
switch is set for the siding. A fusee burning red, on or beside the track, must not 
be passed until it goes out. 

Green and white, to stop; used only at points designated on the time-table ag 
flag stops for the train, 

Green, safety or proceed, but may be given a different meaning by motion. A 
fusee burning green means proceed with caution. 

Blue is used to indicate that men are working under or about the cars near which 
it is displayed. . 

White, not from a lantern or lamp, same as green. On an engine, indicates that 
the train is an extra. 

Yellow is used on some roads as a cautionary color, and red and green on others, 
For military purposes, a cautionary signal is less necessary. Red and green should 
be used if a cautionary color is desired, as yellow has a special significance. 


Position signals.—For a semaphore or movable arm, a horizontal position 
indicates stop; a vertical position, proceed; an inclined position, caution. 
At night the position may be indicated by lanterns at the ends of the arm, or the 
signal may be given by colors, the latter method generally employed, the movement 
of the arm causing screens of glass to come in front of the lamp, colored to corre- 
spond, by indication in color, with the position of the arm, 

Motion signals are given by the hands and arms, or by lanterns held in the 
hand, They are shown in figs, 106 to 111, 7 

Any object waved violently on or near the track, or any demonstration with the 
evident purpose of attracting the attention of the crew is, in civil practice, a stop 
signal, In military practice, % should be accepted asa signal to the engineer to 
bring his train nnder full control and proceed with great caution, whistling for the 
guard at the same time. 

Steam whistle signais.—In the following schedule, o indicates a short blast 
of the whistle, — a long blast, in proportion to its length: 

Stop. Apply brakes. 

Release brakes; train will move forward. 

When running, train has parted. Engineor’s answer to 
signal that train has parted. 


Fiagman go back to protect rear of train. 

ra Flagman come in from west or south. 

a Flagman come in from east or north, 

Train will back. Engineer’s answer to signal to back. 


To call attention to engine signals carried, or to ask for, 
signals. For the former purpose, to be blown for every 
train met while carrying signals. 

Approaching highway crossings at grade. 

a ie eA Approaching stations, junctions, and railway crossings at 


grade, 

00 ----.---.--— “T understand.” Answer to any signal not otherwise 
provided for. 

O000-._W-- Call for signals. 

0900000, etc. Eat short blasts, warning to persons or stock on 
Tack, 


O—O—oO-—, ete. Generalalarm. Calls out all armed men on train. 


Air whistle or beli-cord signals: 
Two, when train is standing, start; when running, stop at once. 
Three, when train is standing, back; when running, stop at next station. 


Four, when train is standing, apply air brakes if off, or release if on; when 
running, reduce speed. 


Five, when train is standing, call in fiag; when running, increase speed. 
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The explosion of one torpedo is the signal to stop; two in quick succession 
are a signal to reduce speed and look out for a stop signal. 


110. Train signals.—The locomotive headlight indicates the presence of the 
train. Yard engines carry headlights front and rear. If there is no headlight for 
the tender, display two white lanterns instead. : 


Markers are displayed on each side of the rear end of the rear car of every train 
‘or section, a green flag by day and a light showing green to front and side and red 
tothe rear by night. If there are no cars attached to the engine, the markers are 
carried on the rear end of the tender. At night, when a train is standing on a 
siding, clear of the main track, the headlight should be concealed, and the markers 
turned to show green to the rear. This must not be done, however, until the 
Hien : in to clear and the switches have been turned for the main line and 
tocked. 

A green flag by day and in addition, a green light by night, carried on each 
side of the front of the engine, indicate that another section of the same train is fo)- 
lowing, Attachments are provided on the engine for carrying these signals. White 
flags and lights in these positions, instead of green, indicate that the train carry- 
ing them is an extra, but not that anything is following. Extra trains are not 
divided into sections. If flags or lamps are seen on one side only, they are to be con- 
strued ag having the same meaning. It is the duty of the engineer when carry- 
ing these signals to call attention to them hy whistle whenever a train is met. 


Coupling signals are made with hands or lanterns, and it isimportant that there 
should be a proper understanding between the engine crew and the brakemen or 
yard men; to prevent unnecessary shock in coupling cars. The coupling signal most 
generally used is made by extending one or both arms transversely to the track and 
moving the hands in circles, larger and slower when the cars are some distance 
apart, smaller and faster as they approach, and dropping quickly at the moment the 
couplers touch. The circles with the hands are so made that the hands in their 
upper positions move in the same direction with the car. 


When any signal is imperfectly displayed or made, or when a permanent 
signal having more than one meaning is not displayed in any of its mean- 
ings, the train must stop. 


The engine bell is rnng when the engine is about to move and when approach- 
ing highway crossings at grade. The engineer also rings the bell at stops to indicate 
to the conductor that he is ready to move, 


111. Protecting is a term used to cover the general requirement that every train or 
part of a train standing or running on the main line under exceptional circumstances 
must have suitable signals on the track, in rear or in front, or both, at such distance 
as will enable any approaching train to stop before collision. If the protected train 
is in motion, the head signals should be at a greater distance than the rear signals. 
Tf at rest, the head and rear signals may be at equal distances, except that in all 
casea greater distance must be given a train to stop on a down grade than ona level 
track. 


Proper protection to trains is of first importance to safety. Nevertheless, it 
is go freqnently neglected or inadequately performed as to produce more collisions 
than any other one cause. 


A running train can be protected in front only by a flagman walking on the track 
or @ party ou a hand car a proper distance from the train with the signals displayed 
by hand. This is called flagging ahead, or back, or through. Rear protection of 
& moving train may be had by a flagman or hand car following, or, in some cases, by 
leaving a red fusee burning on the track at time intervals a little less than the time 
of burning, usually 5 or 10 minutes, and placing two torpedoes on the rail, two 
rail lengths apart, five telegraph poles behind each fusee. 


It is assumed that stop signals for protecting trains will not be expected by an 
engineer, and hence both audible and visual signals should be employed to increase 
the chance that one or the other will be noticed by some of the train crew. Besides, 
if flag or lamp, it must actually be in the flagman’s hand and must be.moved to 
indicate stop in accordance with the code of motionsignals. A flagman’s outfit 
for protecting his train is a red flag or lamp, 12 torpedoes, and in thick weather 3 
red fusees, The fiagman or rear brakeman has the necessary signals in his posses- 
sion, is supposed to know when he should go out, and is held responsible if he does 
not go when he ought to. For greater safety the conductor is charged to see that 
the fagman goes and to acquaint him with all extra stops which are ordered and 
their probable length. It is the duty of the engineer also to whistle out the flagman 
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‘when he sees that an extra stop or unusual reduction in speed must bemade. Often 
an engineer may whistle out the flag before the stop is reached and enable the flag- 
man to drop off before the train stops. This increases security and saves time, A 
stop between stations always calls for protection. A station stop not in the 
schedule requires protection if longer than one minute. A train running past a 
siding at a meeting point, to back in, must protect in front. 


The time of greatest danger is while tho flag is going back and while returning 
to the train when it is called in. The latter risk is partly covered by leaving 2 tor- 
pedoes or a fusee where the stop signal was. 


For ordinary conditions the flagman should go back 14 of a mile from the end 
of his train and place one torpedo, then go14 of a mile farther and place 2 torpedoes 
then return to the first torpedo and stand with flag or lamp in hand. When called 
in he should place a second torpedo two rail lengths from the first and rejoin hia 
train, except that if he hears a train coming he must not go in, even if recalled, 
until he has signaled the approaching train and his signal has been answered, 

A break in the track, a wreck, or a work extra must be similarly protected in 
both directions. 


112. Trains.—The word train is used in railroad language with two meanings. 
One or more engines, coupled, with or without cars and displaying markers 
constitute a train, and, as a rule, no rolling stock has any right to be on the main 
track unless made up into such trains. 


Several such trains running close together in the same direction may be oper- 
ated as one, and in such case the whole is called the train and the parts, each a 
complete train under the first definition, and all, except the last, also carrying the 
required engine signals, par. 110, are called sections. : 


113. Precedence.—There must be an arrangement in advance as to which of two 
trains shall give way when their interests clash, The traiu which is not required to 
yield is said to have precedence over the other, or to be a superior train, and the 
train which is required to yield is called an inferior train. 


A train may be made snperior to other trains by right; class, or direction. 


Right is conferred by train order. It is temporary and may give the train 
precedence over all other trains. 


Superiority of class.and direction are conferred by the time-table and are per- 
manent, except as modified by train order. Class is superior to direction, a train of 
a higher class taking precedence over one of a lower class whatever the direction. 
Between trains of the same class direction gives superiority. Superiority of direc- 
tion applies to single track only. When an inferior train meets a superior train on 
single track, the inferior train must take the siding and clear the time of the supe- 
rior train not less than 5 mins. An inferior train must keep 5 mins. off the time of 
a superior train following. A train following another must keep not less than & 
mins. from it. 


114, On military roads, precedence by direction is more important than on civil 
roads, The superior direction will be that toward the front of the army. Superi- 
ority by class will be much less important, since the fundamental characteristic of 
military operation is uniformity of speed for all trains, and it is mainly difference in 
speed which gives rise to superiority of class. Superiority by right or by train order 
will be minimized on military roads and should, as far as possible, be eliminated. 
The conditions under which important persons should be passed over the line are 
privacy and security. Equal privacy and greater security are obtainable by special 
cars on regular traius, or by special trains running at the regular schedule speed. 
Specials run at high speed involve danger to the train and its occupante and a gen- 
eral disturbance of the traffic on the line, causing a marked decrease of its capacity, 
which will rarely be large enough to stand any loss. 


116. A regular train is one which runs on designated days and is due at any 
point on its run at the same time each day. Regular trains are designated by num- 
bers, odd numbers running in one direction and even numbers in the other, asually 
the superior direction. Sections are also designated by numbers in connection 
with the train number, as 2nd section of No. 4, usually abbreviated, 2nd No. 4. 

Any other train than a regular one as described is an extra. If it isa work train, 

it must be designated as a work extra, to give notice that it may run in either 
direction, Extras are designated by the word extra followed by the engine number 
and the direction, as, ‘extra No. 461 west” for an extra drawn by engine Ne, 461 
and running west. 
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116. Time-tables.—A statement showing the number, class, and direction of any 
train, fixing its time of arrival and departure at all stops and otherwise prescribing 
its movements, is called a schedule of that train. A time=table is a single exhibit 
of the schedules of all regular trains. 


In the standard time-tables the names of stations, junctions, crossings, and other 
points at which it is desired to indicate the time of arrival or departure of any train 
are placed in a column on the left side of the sheet. For large time-tables the col- 
umn may be repeated on the right edge orin the middle. Thesecond column usually 
contains the distance of the points from each other, or from the terminus, in miles 
and tenths. Then follow the train schedules, each in a column, beginning at the 
left with the first train leaving the terminus after midnight and continuing to the 
right in the order of their departure. 


Each schedule is headed by the number of the train and a description of it suffi- 
cient to determine its class. Ifa stop of fixed duration is to be made at any point, 
the arriving and leaving time are both given. If one time only is given, it is the 
leaving time and the train is expected to arrive in time to leave at the hour and min- 
ute given. Time may be omitted from all points which are not stops. If times are 
given at all points, the regular stops are indicated by prefixing sto the time. Other 
customary references on time-tables are: f, flag stop; m, stop for meals; or, B, 
breakfast; D, dinner; S, supper; arr., arrive; Ive., leave. 


Schedule meeting or passing places must be indicated by fall-faced type or 
by underscoring. Ifa meeting point has arrival and departure times, both are so 
distinguished, 

Usually a time-table is in two parts, one for each direction. It is hetter to have 
numerical references at each meeting point in each schedule referring to footnotes, 
stating what trains are to be met at that time and place. 


it is absolutely essential that all timepieces on which the running of trains 
depends should be Kent together. First-rate clocks should be provided for dispatch- 
er’s offices, and the time should be sent along the line by telegraph every day. All 
operators, conductors, and engineers must be provided with reliable watches, which 
will not vary more than 74 minute in 24 hours, and all watches must be set every 
rae by the telegraph time, or else be set with another watch which has been set by 
that time. 


On consulting a watch, always look at the second hand first, and long enough 
to see that itis moving. Otherwise, time may be taken from a watch which has 
stopped. : 


117. Construction of time-tabies.—On civil roads great knowledge and skill 
are required to construct a time-table which shall provide for meeting trains in oppo- 
site directions and passing those of different speeds in the same direction, bearing in 
mind that superior trains must not be delayed by inferior ones, and that heavy trains 
can not make the same speed on all parts of the road and in all conditions of track 
and weather, On military roads the problem is very much simplified by the practi- 
cal absence of class precedence, which eliminates the passing of trains in the same 
direction, and by the use of trains of moderate length running at moderate speed, 50 
that in the absence of a breakdown or some unusual cause of delay, trains should 
always be able to make the schedule time on any part of the line. With the track 
well guarded, or the adjacent country thoroughly controlled, military trains should 
be habitually on time, and if they are not, the operation of the road ia not up to the 
proper standard. 

The first thing to be determined in making a time-table for military purposes 
is the schedule speed of trains, which should not be less than 10, but will rarely 
be more than 20 miles an hour, including stops. The actual speed which must 
be made between stops is somewhat greater than schedule speed and should be deter- 
mined from the schedule speed when fixed by deducting the time estimated to be 
consumed in stops, and dividing the remainder or running time into the distance, 
for the actual or running speed. . 

If sidings are equidistant, all trains may be run at nearly average speed at all 
times, If the sidings are at unequal distances, the inferior trains may sometimes 
be given a quicker schedule to make the meeting points, but will usually be held 
there for the superior train to arrive, 

The next question is to determine the number of trains to leave each terminus 
daily and to assign a leaving time to each. 

The rest of the operation is best done graphically. Plot a scale of distances on 
the vertical edges of a sheet of cross-section paper and a scale of hours across the top 
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and bottom. Plot the stations and meeting points on the scale of distances and at 
each draw a horizontal line across the sheet. Lines drawn obliquely across the 
sheet represent speeds. Determine the slope or angle of the line corresponding to 
the schedule running speed, including stops. Beginning with the superior 
trains, plot on ihe line corresponding to the terminus tho point on the time scale 
et which a train is to leave. From this point draw a line at the running-speed 
slope to the next stop, and set off on the corresponding horizontal line a length 
equal to the time to be allowed the train at that point. The ends of this short hori- 
zontal Jine represent the arriving and departing time at that station or stop. 
Continue the operation until all the superior trains are plotted. 


The inferior trains are next plotted, beginning at the bottom and plotting 
upward and tothe right. Allintersections of the two sets of lines are meeting places, 
and the inferior lines must be go adjusted that these meeting places will fall where 
there are sidings long enough to take the inferior train, At such points the inferior 
train must arrive before and leave after the superior train. It will be found con= 
venient to take the speed scale so that the length on it of the number of miles to be 
run in an hour will be the same as the length of an hour on the time scale, The 
running-speed slope for superior trains will then, be 45°. 


If the sidings are equidistant, the inferior trains can be kept up to the schedule 
time adopted for the superior trains by giving them a little higher running speed to 
make up for more or longer stops, If the sidings are not equidistant, the inferior 
trains can not be put over the line in the same time as the superior ones, the differ- 
ence depending on the inequality of distances. 


118, The average distance between sidings and the speed determine the interval 
or headway between trains. Superior trains can not Jeaye the initial point at inter- 
vals of less than twice the time required fora train to run the distance between 
sidings, supposing that distance tobe uniform, If the sidings are not equidistant, the 
headway must be increased for the same running speed. If the running speed is so 
great that it can not be much exceeded, the headway must be twice the time over 
the longest distance between sidings. 


It is obvious that in building a line sidings should be placed as nearly equidistant 
as possible, and in taking over an existing road for military purposes, the necessary 
additional sidings to eliminate long stretches should be put in at the earliest 
opportunity, 


119. Example.—Fig. 112 shows the application of thegraphical method described 
to apart of the case of a road 40 miles long with 7 sidings between termini, on 
which it is proposed to run trains at a schedule speed of 10 milea per hour. Estima- 
ting 30 minutes for stops of the superior trains, the 40 miles must be made in 344 
hours running time and the resulting running speed is 11}4 miles per hour. 


Considering it unsafe to require superior trains to run faster than will be 
necessary to make a schedule speed of 10 miles per hour and the maximum 


distance between sidings being 644 miles, the minimum headway is id x 213 


hours, Assume for safety a headway of 144 hours, which will delay the inferior 
trains a little, but will reduce the probability of delays to the superior trains. This 
headway permits 16 trains to be started each 24 hours. If fewer trains will suffice, 
they may be run at the same headway and during the most favorable hours only. 


Suppose it is decided to start the first train of each day at4a.m. Plot this train 
from the terminus with a speed slope of 1114 miles per hour, giving it snch stops as 
local conditions require. In the fig. each superior train is given a stop of 10 minutes 
for water at aliernate stations. Plot the remaining superior trains parallel to the 
first and 114 hours apart. 

Inferior trains are next plotted, the requirements being that each shall leave the 
terminus at a designated time, shall run at not exceeding the running speed, shall 
reach the first meeting point with a superior train 5 mins. or more beforo the 
superior train ig due to arrive there, shall leave that point after the superior train 
has passed, shall make its run to the meeting point with the next superior train 
under the same conditions, etc. It will be noted from the diagram that the average 
schedule speed of inferior trains is 8 miles an hour and that at no time is an 
inferior train required to run faster than 1114 miles an hour. 

At several points, indicated by dotted lines, the inferior train may be run on 
schedule time and wait at the meeting point for the superior train. 


This diagram completed and adjusted, the times may be read off from the time 
schedule and used to fill in the schedule columns of the time-table. 
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A convenient practical method is to use pins, instead of plotted points, and strings 
stretched taut instead of lines drawn on the paper, 


120. Train dispatching is the control of the movements of all traffic on the road 
except regular trains on time. This contro] is exercised from a central point by 
the train dispatcher, who runs all trains, except regular trains on time, by means 
of train orders communicated by telegraph to the train crews. 


The working force of the train dispatcher’s office usually includes a chief dis= 
patcher and three assistants, one on each of the three tricks into which the 
day is divided, All dispatchers should be skilled telegraph operators. 


The work of the dispatcher is, in reality, the making of temporary time- 
tables by lightning calculation, and the sending of orders to trains which will run 
them in accordance therewith. 


There should be in the dispatcher’s office an operator charged specially with look- 
ing after all cars on the division. He is usually called a car distributor. 


From each station there should be sent to the car distributor a daily telegraphic 
report of the number of cars at the station, showing: 


The number of all empties; 
The number, kind, contents, and destination of all cars loaded and ready to 
move; 
The number, kind, contents, and consignee of all cars awaiting discharge which 
have stood unloaded less than 24 hours; : 
The same for all cars which have stood unloaded more than 24 and less than 48 
hours; 

A special report for each car standing unloaded more than 48 hours, giving, in 
addition to the foregoing data, all known circumstances connected with the 
delay, 


If a tabular form be constructed to contain the above reports and the lines of this 
form be lettered in sequence and its columns numbered, a code will result, so that 
the information can be readily sent by telegraph, a letter and a figure identifying 
the space in the table in which the data following is to be placed. : 


If two or more divisions are operated under one management, each car diatributor 
consolidates his daily return and transmits it to the official at general headquarters, 
usually called a car=service agent, He also reports to his own superintendent 
any case of car detention requiring action. 


, 


121, Itis assumed that the telegraph service will be performed by the Signal 
Corps. The interest of the railroad demands, however, that one or more wires 
and a set of operators be assigned exciusively to railroad service and thut no non- 
railroad messages be put on these wires. 


122, Train orders must be 50 worded that they can not be misunderstood, and 
should contain neither information nor instructions not essential to the movements 
of the trains affected. They are issued under the signature, or initlals, of the divi; 
sion superintendent and should be initialed by the dispatcher on duty. They are 
numbered consecutively in each twenty-four hours, beginning with No. 1, which is 
the first one put out after midnight. A date and a number completely. identify any 
order. 


Train orders must be addressed to those who are to execute them, naming the 
place at which each is to reeeive his copy. Those fora traln are addressed to its 
conductor and engineer (C. and E.), and also to the pilot man. by name if there ia 
one on board. The order must be given in identical words to all persons addressed. 
In practice, a single message is sent and manifolded by the receiving operators: If 
enough copies can not be made at one writing, a second lot myst be made by trac= 
ing from a copy of the first lot. The order is addressed, first, to the operator at 
the point where it is to be executed; second, to the C. and H. of the superior train 
and then to the C. and E. of the inferior train, the last two at the first office at 
which they can be reached. Thus: 


To the operator at C. 

To C, and E. No, 2 at B. 

To C, and E. No. 1 at D. ‘ 
Each receiving operator takes his proper address only, followed by the body of the 


order and the signature. If separate messages are sent they must be in the order of 
the addresses given, 
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123. There are two eral classes of train orders, those to receive which trains 
must stop, and those which may be delivered to trains while in motion. The former 
are known as 31 and the latter as 19 orders. The signal 34 or 19 sent over the 
wire notifies operators that a train order of the corresponding form is to follow. 
Some roads do not use the 19 form, in which case this signal need not be sent. The 
safe use of the 19 order requires a highly trained personnel, in view of which fact it is 
probable that that form of order will find no considerable use in military railroading. 


124. In sending a 31 order, the dispatcher first calls the offices concerned in 
the order in which they will be addressed, After the last has answered, the order 
is sent and the operators immediately repeat it from the manifold copies, taking the 
wire for this purpose in the order of the addresses. Each operator must write the 
time of his own repetition on the order and should also observe whether the others 
repeat it as he has understood it. If the repetition discloses any error or misunder- 
standing, it is corrected by the dispatcher. 


Those to whom the order is addressed, except engineers, must then sign it, and the 
operators in the same sequence as before send the following message to the dis- 
patcher: 


‘Train order No. —, to train No. —, Signed by 3? 


On receipt of this message from the last of the offices addressed, the dispatcher 
signals ‘‘complete.’’ Each operator writes ‘‘ complete’’ and the time on the 
order, signs his last name in full, and delivers the copies to the proper persons. The 
order is now effective and its execution begins at once. At any prior stage it acts 
as 3 hold order and no train affected by it can move, except to clear the main 
track. 

The conductor must show his copy of the order to the brakeman, and the engineer 
must show his to the fireman. 


A train order remains in force until fulfilled, superseded, or annulled. An order 
giving space limits, as S. to H., etc., is fulfilled when the train reaches the second- 
named point, and the train can not pass that point without other orders, unless it is 
aregular train on time. An order giving time limits is fulfilled when the time limit 
has expired, and the train to which such on order has been given can not proceed, 
except as above. 


125. The following of the standard forms prescribed by the American Rail- 
way Association for the body of an order are applicable to military conditions and 
should be followed literally whenever possible. Some modifications have been 
made to meet the special conditions of military operation. 

Form A.—Meet order: 

“No. 1 will meet No. 2 at D.”” 

Several meeting points may be contained in one order, as: 

“No. 1 will meet No. 2 at D, No. 4 at F, and Extra 28 North at G.”’ 

A meet order should not be made for a point where there is no telegraph 
operator. If a siding is so located as to be convenient for a meeting place, a tele- 
graph office should be established there. 

Form B.—Passing order: 

“No, I will pass No. 3 at D,”’ or 

* No. 1 will pass No. 3 when overtaken.” 

Form C.—Giving superior right: 

“No. 1 has right over No. 2, A to B,” or 

‘Extra 394 East has right over No. 3, C to E.” 
_ If the trains meet between the designated points, the second named takes the sid- 
ing, if the meeting is a either of the points, the first-named train takes the siding 
unless otherwise directed in the order. 

If both trains are regular and the second named reaches the first-named point be- 
fore the other arrives there, it may proceed, keeping clear of the opposing train by 
five minutes. If one is an extra, the regular must not pass the last-named point 
until the extra has arrlved there. If the meeting is within or beyond the designated 
limits, the conductor of the second-named train must stop the other train and inform 
its conductor of his presence. 

Form E.—Time orders: 

‘No. 1 will run twenty minutes late C to D,” or 
“No. 1 will wait at B until nine a, m. for No. 2,” 
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On a run=late order, the time specified is added to all schedule times for the 
train, giving it a new schedule to which all other trains conform. The interval 
should be an easy one toadd. Care must be taken that all other trains and oper- 
ators interested in this change of schedule are informed of it. 


Form F.—To carry signals: 
**No. 1 will display signals D to F for Engine 90,” or 
“ [ngine 20 will display signal, and run as 2nd No. 1 A to C,” or 
‘* Bngines 65, 105, and 138 will run as 1st, 2nd, and 3rd No. 4 A to F.” 


In this case engine 138 last named does not display signals. Each train or 
section affected must be furnished with a copy of the order. 


Form G.—Extras: ; 
“ Engine 462 will run extra to D.” 


A train under this order is not required to protect itself against opposing ex- 
tras, unless the order so directs, but must clear all regular trains or run inferior 
to them. 

Unless otherwise explicitly stated in the order, an extra is supposed to leave the 
initial point immediately after the time its order is made complete, and to run at 
schedule speed. 


‘(Engine 462 will run extra, leaving A on Thursday, February 15, as follows, 
with right over all trains: 
Lye. A 11.30 p. m. 
B 12.25 a, m. 
C 1.474, m. 
Arr. D 2,22a.m.” 


A train-order schedule may be changed bya runsfate order, Form 5, the same 
as a time-table schedule. Thus: 


“* Extra 462 E will run one hour later than schedule in Order No. —, this date.” 

This order may be varied by describing the extra or specifying certain trains over 

which it shall have right. All trains over which this order gives right must clear 
the time of the extra by at least 5 minutes. 


Form H.—Work extras: 


‘ Work extra 75 will work 7 a. m. to 6 p. m., between A and A Junction, pro- 
tecting itself.” 

Both time and working limits should be made short and changed frequently. 
The words protecting itself require the work extra to keep stop or cautionary sig- 
nals ahead and in rear at all times when not in motion. If the limits can be made 
short enough, it will be best to keep a flagman at each end. A work extra must 
run away from the siding behind another train and must return to the same siding 
ahead of the next opposing train. If necessary to run against an opposing train 
the work extra muat flag through, par. 111. 

Form J.—Holding order: 
‘* Hold No. 1 at B,” or 
‘* Hold all south-bound trains at B.’* 

Trains 50 held must not leaye the designated point until the order is received: 
‘“No. 1 may go,’’ or ‘‘All trains held by order No. 10, this date, may go. 

Form K.—Annulling trains or sections: 

‘*No, 1 is annulled from D,”’ or 
“2nd No. 6 is annulled from B.” « 

If there are sections behind the one annulled, add the words “‘ Following 
tions will change numbers accordingly.”’ . 

Form L.—Annulling au order: 

“Order No. 9 of is annulled.’? (Date to be given in blank space.) 

An order annulled must not be reissued under itsoriginal number. If itbas 
not been delivered the annulling order is addressed to the operator, who destroys 
all copies of the order annulled, except one, and indorses on that ‘‘Annulled by 
order No. —.’? In the address of an annulling order the train to which right 
was given by the order annulled must be first named and the order must not be 
made complete for other trains until the first-named train has replied, 


RAILROADS. 387 


Form M.—Annulling an order in part : 
“Phat part of order No. 18 reading: No. 1 will meet No. 2 at D, is annulled.” 


It will usually be better to annul the order completely and issue a new one in cor- 
rect form, 


Form P.—Superseding an order wholly or in part: 
‘tNo. 1 will meet No. 2 at D instead of at C.”” 


The words ‘‘ instead of ’’ must be used and new reading must be capable of lit- 
eral substitution for the old. An order which has been superseded must mot be 
reissued under its original number, nor is it revived by the annulment of the super- 
aeding order, 


Special Form Q.—While, as a rule, all military trains in the same direction will 
be of equal importance, emergencies may arise in whlch the necessity of getting a 
certain train through is far more urgent than can everoccur on civil roads. In this 
case a form of order such as the following may be used ; 


“To all operators: Hold all traing and clear main track for extra No. 219 South, 
leaving, etc.,”’ as in Form G, second example. 


From every point where a train is sidetracked under this form of order, a green 
flag should be sent out at least a mile in the direction from which the extra will 
approach, to notify it that the track is clear and prevent the necessity of slackening 
speed, except as may be necessary for safe running of switches. 


126. A train sheet is kept in the dispatcher’s office showing for each train on the 
line its number and that of the engine, names of conductor, engineer, and pilot (if 
there is ane), the time of departure from the starting point, and the times of its 
arrival and departure at all stops. The train sheet should also show by a notation 
all train orders sent to the train and whether they arein force. A convenient form 
of train sheet is a time-table with the times omitted, and with additional columns for 
extra trains, A train order may be noted by writing its number in red opposite the 
station to which it was sent and the fulfillment, supersedence, or annulment of the 
order may be indicated by a blue check mark opposite the red numher. 


A glance at the train sheet should show the location of all trains on the line and 
whether they are under orders or not. Each trick dispatcher and operator going off 
duty should transfer to his successor a list of all train orders not completely executed. 


127. Blocking.—Dispatching and protection of trains, as already described, 
should, if perfectly done, give complete immunity from collisions. Experience shows 
that neither is, nor can be, perfectly done and further safeguards are desirable. 


The blocking system is essentially the maintaining of a space between trains. 
The line is divided into sections called blocks, of convenient length, and arrange- 
ments are made hy signal, or otherwise, which prevent any train from entering the 
block at either end until the last train which entered has left it. 


The operation of a standard block system depends on the transmission of signals 
given by a signalman, or automatically by the train itself, over considerable dis- 
tance, by electrical or mechanical means. The equipment is complex and could not 
be kept in working order with reasovable certainty under military conditions, In 
bad order and with nonexpert service, it would do more harm than good. 


The only safeguard of this class which is practicable for military railroads is the 
pilot-man system. The line is divided into blocks, which for single track extend 
Tom siding to siding. For each hlock there are two pilot men who divide the day 
between them. There is also, for each block, a properly marked set of checks or 
tags, and a separate tag which isa receipt for the set. No engine can enter the 
block at either end unless the pilot man on duty is in the cab, or the engineer has in 
his possession one of the set of checks for the block handed him personally by the 
pilot man in the presence of the conductor. 


If a group of trains is to pass through the block in the same direction, the pilot 
man gives a check to each engineer except the last, bearing numbers in the order of 
their departure, and goes himself in the cab of the lastengine. Arrived at the other 
end of the block the pilot man collects his checks and returns to the point from 
which he started, with a train or group of trains in the opposite direction. When 
a pilot man goes off duty he transfers the set of checks to his relief and takes the 
receipt tag in exchange, - 


“128, Technical organization.—The units of organization are territorial and differ 
for the different departments of the road. Yor track maintenance the unit is the 
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section, a stretch of track 5 or 6 miles long, in charge of a.section gang, consisting 
of a foreman and, roughly, one man for each mile of track, including sidings, 


For the motive-power department the unit is the engine district, which, 
in military roads, will probably not exceed 76 miles. An engine is expected to haul 
a train from one end of a district to the other, and arrangements must be madé at 
all engine-district terminals for quick repairs, turning, fueling, watering, and, if 
practicable, housing, as well as for the comfort and control of the engine crews. 


For train movements the unit is the division, consisting usually of two en- 
gine districts. The division is the real administrative unit, as it is hete that the 
threads of control are first collected into one pair of hands. The division super- 
intendent is the ruling spirit. If the line is long enough to make two or more 
divisions a general control is exercised by a general manager, but this official is 
not in close touch with the details of daily work. He devotes his attention to har-. 
monizing and unifying the work of the several divisions, to matters which affect 
all divisions alike, and to extensions of the line into new territory, 


The concentration of authority in the division superintendent is the practice of 
some civil roads and is the method best suited to military conditions, Some civil 
roads adopt a system which may be called the department system, in which ail lines 
of control do not converge until they reach a very high official, often a vice-president. 
A majority of civil roads are organized on a combination of the two systems, in which 
some lines of control converge at the division superintendent and others pass by him 
to higher authority. 


129, Under the division superintendent several separate chiefs or heads are 
in charge of separate branches of work. A division engineer bas charge of the 
construction and maintenance of track, bridges, and buildings, and any other work 
which may be assigned to the engineer department. He is assisted as to track work 
by roadmasters, one for each 30 or 40 miles of the division, who in turn supervise 
and control the section gangs and work trains. The division engineer attends to 
bridges, trestles, culverts, buildings, etc., through a superintendent of bridges, 
who controls and supervises the work of the various gangs of mechanics and laborers, 
each under its own foreman. , 


130. A master mechanic has charge of all motive power of a division and of all 
repairs to cars which become necessary while the car is on his division, He may be 
assisted by an assistant master mechanic for each engine district, who in turn 
directs the work of the repair shops, and roundhouse foreman, who regulates the 
assignment of engines and crews to duty and attends to the care of engines and some 
minor repairs. G 7 

Under the assistant master mechanic a chief car repairer supervises the work of 
car repairs. 


The chief train dispatcher bas charge of the making up of trains, as to ton- 
nage, composition, and arrangement of cars, and of the assignment to duty, instruc- 
tion, and regulation of all train crews. In this work he may be assisted by a train 
master. The chief dispatcher also assists the division superintendent in the arrange- 
ment of time-tables and supervises the work of the trick dispatchers and operators. 


If no nonmilitary traffic is handled, the operators will also act as station agents 
at minor points, and their work in this capacity may be regulated by the chief dis- 
patcher, If nonmilitary ‘traffic is carried, which will almost always be the case toa 
greater or less extent, a division official will be required as passenger and freight 
agent, who will control the station agents and arrangements for the necessary 
accounting. 


At each considerable terminal a yard master is required to direct the movement 
of cars while not made up im trains, par. 112. 


The yard master is under the direction of the train master, but hig work is 9 
aystematized that but little personal supervision is necessary. If the yard master is 
not all right that fact will soon be indicated by congestion in the yard and delay in 
forwarding trains. : 


131. Assignment of troops.—In a regiment of troops organized for railroad 
duty, the officers and noncommissioned officers would be selected with reference to 
their ability as railroad men, and the military and railroad precedence would be the 
same, 


When officers and men are detailed from line troops, every possible effort must be 
made to make such selections as will permit each to be placed in the most responsible 
position for which his railroad experience qualifies him, without becoming subordi- 
nate to a junior or in authority over a senior in the military service. 
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132. Traffic organization.—aA military railroad, like a civil road, receives traffic 
from shippers, forwards it with greatest possible dispatch, and delivers it at specific 
points to designated consignees. 

In doing this the relations between the technical staff, representing the transporta- 
tion, and the rest of the army, representing shippers and consignees, are the same as 
on civil.roads and are covered in the Field Service Regulations, as are also matters 
relating to the make-up of trains, etc. 


There are a multitude of shippers over civil roads, with diverse interests, the 
adjustment of which must be made by the technical staff of the road. For military 
traffic all shipping interests merge into one, and that single interest should be ascer- 
tained by a definite and plenary authority and communicated through authorized 
channels to the railroad staff. , 


The only safe guiding rule for the technical staff is that all traffic shall be 
forwarded in the order that it is presented for shipment. Any priority to be given 
one thing over another must be determined by an officer having such authority 
expressly delegated to him,-and must be communicated explicitly to the railroad staff. 


The receipt and delivery of traffic are on the carload basis; that is, the shipper 
loads and is responsible for proper loading, and the consignee unloads. The railroad 
furnishes, so far as possible, the necessary facilities for loading and unloading. 

A military operated road should not be made responsible for goods in transit. 
When organizations are moved the officer responsible for property goes with them. 
When freight is shipped without troops the accountable officer should be represented 
on the train by a responsible agent, who will obtain the necessary receipts from the 
consignee and return them. Other conditions not preventing, shipments should be 
presented in such order as to facilitate this arrangement. One agent or supercargo 
may represent all the shippers by one train or by a group of trains. He is a trusted 
messenger only and should not be treated as having any connection with the railroad, 


It is of the utmost importance to have the contents and destination of 
every car plainly indicated on the outside of the car. 

It is the business of the railroad to move traffic; but perfection of track, complete- 
ness of equipment, and skill of operation will not make a road effective if the ship- 
pers and consignees do not do their share by loading promptly at the appointed 
times and places, and by anloading promptly on the arrival of trains. A complete 
and efficient organization for these purposes is as important as an organization for 
operating the road. 


These two sets of officials, the one representing the necessity for transportation 
and the other its possibilities, should be in close touch through designated channels 
at all important points of the line, so that the former may be constantly advised 
what transportation can be furnished, and the latter may be advised as to what pur- 
poses it shall be applied. 


This relation in nowise impairs the obligation of the technical railroad staff to 
provide all the transportation possible and increase ita amount by every available 
Ineans until all demands are, met. 


183, Guarding.—Protection from the enemy is work which, like the ship- 
ment and receipt of traffic, must be done by the army for the railroad staff and 
not by the staff itself. Tactical requirements insure the exclusion of the enemy 
from approach to the line, except as individuals, or small infrequent raiding parties 
may evade the vigilance of the protecting screen. Against them protection is had 
by stationing along the line or carrying on trains such troops as may permit the 
concentration of a superior force at any threatened point before extensive damage 
can be done there. 


134, Important points must be occupied by garrisons proportioned in strength 
to their vulnerability. There should be an adequate force at each bridge, iarge 
culvert, tunnel, water station, or any other point where a hasty demolition 
would involve a large amouut of reconstruction or a wreck would cause unusual 
delay and inconvenience to traffic. The technical staff will, when desired, indicate 
what points are determined by these conditions. For bridges the guard should be 
stationed at the end which presents the best defensive conditions. Unless very 
short, a small outpost should be stationed at the other end and a sentry should patrol 
the bridge. 

The vulnerable points selected, additional ones should be chosen, if neces- 
sary, 80 that the adjacent stations of the cordon will be everywhere within patrol= 
ling and supporting distance. All these parties must be protected by block- 
houses or other artificial defenses. 


340 ENGINEER FIELD MANUAL. 


Important terminals should be converted into intrenched camps with ample 
garrisons. 


Suitable regulations should be made for train guards when necessary and also 
for the conduct of all armed troops in transit over the line, with a view to utilizing 
their services in this capacity. 


136. Armored trains form a part of the guarding force, and, in that sense, are 
out of the control of the technical staff; however, as the trains themselves form a 
part of the equipment of the road and when in motion form a part of its traffic 
there is much concerning them which it is important for the technical staff to know. 


There is but little American experience on the subject. The fullest development 
of construction, organization, and use of armored trains occurred in the South Afri- 
can war, and the following statements are condensed from the official reports of the 
railroad operations in that war, with some obvious modifications to suit American 
conditions and practice, 


136. An armored train consists of a locomotive and sufficient cars to carry a 
12-pounder quick-firing gun, or a similar piece, 2 machine guns, and 2 searchlights, 

The cab, tender, and injector pipes of the locomotive are sheathed with 44-in, 
steel. There is also a curved hood over the roof of the cab hanging over the front 
end of the tender, to protect the engineer and fireman from reverse fire. The doors 
of the cab slide and there are sliding covers over the windows. If necessary, an 
eres tank car is placed next to the tender and connected by pipes with the tender 
tank, 


A machine gun and a searchlight are on the same car, one of which is placed at 
each end of the train. The searchlights should have independent power on the cars 
with them. A 12-in, projector, hand-controlled, was found satisfactory. 


For flat country a box car is sheathed on sides and ends from floor to roof only. 
At one end a slit is left across the end, and 5 ft. back on each side, through which 
the machine guns may fire. Above the machine gun the plating forms a protection 
to the searehlight operator, whose head projects through a hole in the roof, pro- 
tected by a bonnet or by movable shields. The rest of the car is for infantry and is 
separated from the machine-gun space by two metal screens projecting from the 
sides of the car and overlapping each other with space between to allow men to pass. 
The infantry portion is loopholed for kneeling fire, the loopholes being provided 
with sliding covers and staggered on the two sides so there is nota clear view through. 


For hilly. country a 3 in. steel sloping roof is added and the plate of armor con- 
taining the loopholes is hinged at the bottom and can be hauled in to an angle of 
45°, permitting guns to be fired through the slits at a higher angle. 

The quick-firing gun is on a car with its ammunition, which is placed next to the 
machine gun and in the rear half of the train, if it is known which will be the 
rear, The gun is mounted on its pedestal in the middle of a flat car, The side 
plates, of 34-in. steel, are 2 it. high at the ends, rising to 3 ft. at the points where 
they intersect a circle of 5 ft. radius from the gun center, and carried at that height 
around the arc of the circle, forming sponsons, projecting as much as may be neces- 
sary beyond the sides of thecar. The projection must not be greater than the line 
clearance. From the ends of the car to the circle the sides are joined by a roof of 
3%iu. steel plates, lapped and riveted; beneath this is the ammunition space. A 
shield of usual form rotating with the gun protects the gun crew. 


The necessary cars for quarters, subsistence, etc., are placed in front of the engine, 
and, with the machine-gun car, form the front half of the train. Cars for this pur- 
pose may be armored with steel plates as described, or improvised forms may be 
employed. . 

Two such forms were developed in South Africa—one by the use of T rails which 
are placed along the sides, supported between uprights. One rail is omitted at the 
proper height to provide a firing slit. The ends are closed by a bulkhead of ties with 
the rails butted against them. 

The other form consisted of a double wall of corrugated iron with a 9-in, space 
between filled with ]-in. broken stone. The necessary openings for doors and loop- 
holes were formed by metal frames extending from wall to wall. Cars so protected 
are suitable for use with infantry guards accompanying ordinary trains when such 
protection is nevessary. 
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137, The engineer, boxed up in the middle of the train, can do nothing but handle 
the engine on signals made to him from the front car. As the train may run in 
either direction, the proper arrangements and connections should be made to enable 
the lookout at either end to communicate with the engineer, to apply the air brake, 
or signal for hand brakes. If the train pipe is not armored, arrangements must be 
made for cutting out the air brake on each car from within its armor, and the hand 
brake must also be arranged to be worked inside the car, 


188. The personnel of an armored train includes the commanding officer and a 
second in command. The former, when in action, is in the front, and the latter in 
the rear car; they should never be together when the train is moving or engaged. 


There is an artillery detachment to work the quick-firing gun, an engineer detach- 
ment to attend to small repairs of line and equipment, and a Signal Corps detachment 
for telegraphing. The infantry garrison should be as large as the accommodations 
permit. 


The train crew should consist of the engineer and fireman and two or three intelli- 
gent brakemen familiar with the movements of trains and signals. The officer in 
command takes the position of conductor and must have a sufficient knowledge of 
railroading to do this, in addition to the sound judgment, quick perception, and 
fighting spirit which the position demands on its military side. 


189, The administration of armored trains may be under an officer on the staff of 
the general in command, who, having access to all headquarters information, may 
best know where the trains are likely tobe needed. Acting within the scope of his 
instructions from the genoral, this officer will control the selection, assignment, 
inspection, and training of the garrisons of all armored trains, and will determine 
their status and movements. 


140. When an armored train is to be moved, orders will be transmitted to its com- 
mander informing him where he is to go, what he is to do, and what resistance he 
may expect. It will be much better if these orders are sent through the division 
superintendent, or duplicated to him at the time. 


In passing over parts of the line where traffic is not disturbed, the armored train 
should run as any other extra. When ready to leave the terminus, the commander 
of the train should call up the dispatcher and ask for orders, and on receipt of them, 
move his train in accordance therewith. It is to be assumed that the dispatcher will 
understand the importance of getting this extra through and will act accordingly. 


On arrival at or near his destination, the commander of the armored train is likely 
to find the track clear for his work so far as ordinary traffic is concerned. Here he 
will necessarily assume local control of the road. He would hest exercise this con- 
trol by asking for such orders as will enable him to do his work, leaving the dis- 
patcher free to act in getting any traffic through which can be done without inter- 
fering with the armored train. 


141. From a tactical standpoint, the work of armored trains may be grouped into: 


Escort of work trains, 
Escort of traffic trains, 
Independent operations. 


In escorting a work train, an armored train goes on alone to the break to recon- 
noiter and drive off the enemy. This done, it returns to the nearest siding, brings 
out the work train ahead of it, and remains on guard while the break is closed. A 
single one of the several armored trains employed in South Africa was present with 
construction trains on 61 different occasions, 


In escorting single trains, the place for the armored train is behind. If the train 
is in sections, the armored train should be between the first and second sections. If 
the stretch of line threatened by the enemy is long, it will be best torun the trains iu 
groups, convoyed by an armored train. If the dangerous stretch is short, it will be 
better to have the trains run on schedule and let the armored train escort them in 
each direction through the danger space, which will be treated as a block, the ar- 
mored train corresponding to the pilot man, so far as operation is concerned. 

Independent operations of armored trains divide themselves into: 

Patrolling, day or night, 
Reenforcing local guards, 
Reconnoitering, 

Supporting the advance, 

Cutting the enemy’s line of retreat. 


342 ENGINEER FIELD MANUAL. 


Patrolling by day will usually be unnecessary on roads properly protected by 
blockhouses, but some movement of the trains will have the effect of confusing the 
enemy as to their whereabouts. Night patrolling is very important. If the enemy 
desires to cross the line, especialy with artillery or trains, the attempt is certain to 
be made at night. When night patrolling is necessary, it will not be practicable to 
move traffic at night. The track should be cleared and divided into sections, so that 
each train can patrol its section without using lights or making signals. A train 
need not be constantly on the move. It is better to stop foran hour or so in a posi- 
tion favoring concealment and then run slowly to another such position. With 
proper precautions and slow running armored trains have been moved s0 quietly as to 
effect a complete surprise. ; 


If mines are suspected, a flat car, heavily loaded with track material, should be 
pushed ahead of the train. The first train each morning on any section, whether 
armored or not, should push such a car ahead of it to explode any mines which may 
have been placed during the night. The train can usually be stopped in time to es 
cape injury. The loss of the pilot car is relatively unimportant and its load of track 
material is available for repairs. 


In reenforcing local guards it may be best to cut off the artillery car and the rear 
infantry and machine-gun car and leave them in a good working position for the gun 
and push the leading car up close to where the guard is engaged, to add its infantry 
and machine-gun fire to the defense; or, if the gun car is in the front half of the 
train, run up and drop the leading car and then run back to a suitable position from 
which to work the gun. 


In reconnoitering toward a force supposed to be strong, care must be taken not to 
let the enemy get on the line behind the train. A cavalry force may be combined 
with the train to advautage, its duty being to see to it that the track is not broken 
behind the train. Parts of the line where the train can not useits armament to ad- 
vantage, such as gorges, should be explored by scouts before the train advances. 


An advance, when parallel to the line, may be supported by an armored train. 
It is better to have all the column on the same side of the line, so that the train may 
form a flank and be well advanced to prevent a turning movement on that side. 


In general, when an armored train can be put within shooting distance of the 
enemy, with its retreat protected, it may be done with advantage, as the train is a 
moving fort and its small garrison a match for a much larger force fighting without 
protection. 


142. Field railways.—Hxtensive use will be made of portable railways in rear 
of the line of encampment or bivouac, and in the zone of investment and in parallels 
in siege operations. 


Portable track consists of tangent and curve sections riveted or bolted to metal 
ties, and of switches, crossings, turntables, etc., made up in single pieces. 


In Manchuria, both Japanese and Russians used equipment of French manufac- 
ture. In the Japanese equipment the tangent sections are 6 ft. 6 ins. long, the rails 
bolted to 8 ties. ‘Two splice bars are bolted to one end of each rail aud the project- 
ing ends are joined by a pin which engages in an oblique slot in the end of the ad- 
joining rail. Each section must be ended up to engage it, and when lowered to a 
horizontal position the two are fairly locked. The gage is 23.6 ins. 


The curve ‘sections are similarly put together and are of different curvatures, 


The Russian material differed somewhat from the above inform. The ordinary 
sections were 6 ft. long, the two rails joined by a 34-in. iron tie-rod at one end anda 
stamped iron tie concave downward at the other. The rails weighed 25 lbs. and 
were 234 Ins. high and 214 ins. base. The connecting device consisted of a hook riv- 
eted to the outside of the web of each rail at the rod end, engaging a pin in the tie 
end of the adjacent rail. . The tie projected beyond the ends of the rails of its own 
section and supported the rod end of the adjacent section. The gage was30 ins, In 
addition to the standard straight sections were other solid units for switches, curves, 
and crossings of different lengths, mostly longer than 5 ft. The ordinary freight 
carg consisted of bogie trucks with double-flanged wheels and platforms that were 
easily and quickly removable, upon which were built wooden structures and seats 
for passengers, kitchens and bunks for hospital use, bake ovens, etc. The flat car 
weighed 1,920 lbs., and ita capacity was 4,400 lbs. These cars were all drawn by two 
ponies or mules, one on each side of the car, their paths being clear of the track and 
ties. Cars were run in trains on regular schedules, with points for passing and 
changing horses approximately 7 milesapart. With this arrangement the maximum 
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capacity of these roads was about 600 tons of freight both waysper day. This could, 
of course, be largely increased by more sidings and by double tracking. 


The track is laid on the ground, a suitable route being sought out, An old road- 
bed is admirably adapted, if it can be spared. All principles of grades, curvatures, 
ete., for standard track apply to this portable equipment, but thé application is 
mainly i in the design and manufacture, and in use is Rott only so far as the special 
circumstances require. 

The Russians used animal iteotion’ mainly: two mules pulling the car or train, 
one on each side of the track. The Japanese used man traction, mainly. The speeds 
were low, according to railroad standards, though considerable compared with wagon 
traction, ‘aud the consequences of derailment not serious. © 


If mechanical traction were used, higher speed would be possible, but derailments 
would cause more delay, and hence the track would have to be better laid. 

Double track should be laid, if possible, with frequent sidings and cross overs, If 
a single track is used, sidings should be put in every mile or so. 

Beyond these general outlines the use of such equipment will depend on its design, 
and will be obvious to those who are supplied with it. 
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Tasrz I.—Elements of a circular curve of 1° curvature, 5,730 ft. radius, 


rp, |Bxt. ist, 


x Long 
4 Tang., T. aa baal chord, a Tang., 
i L. Cc, 

of? or 

1 00 50. 00 0. 218 100. 00 9 00 450. 98 
10 58.34 0. 297 116. 67 10 459. 32 
20 66. 67° 0. 388 133. 33 20 467.71 
30 75. 01 0. 491 150. 00 80 476.10 
40 83.34 0. 606 166. 66 40 484, 49 
50 91. 68 0. 733 183. 33 50} 492.88 

2 00 100. 01 0. 873 199.99 || 10 00 601. 28 
10 108. 35 1,024 216. 66 10 509. 68 
20 116. 68 1.188 233. 32 20 518. 08 
30 125. 02 1. 364 249. 98 30 526. 48 
40 133. 36 1.552 266. 65 40 534. 89 
50 141.70 1.762 283, 31 50 543. 29 

3 00 150. 04 1. 964 299.97 || 11 00 551. 70 
10 158. 38 2.188 316. 63 10 660. 11 
20 166. 72 2. 425 333. 29 20 568. 53. 
30 175.06 2. 674 349.95 30 576. 95 
40 183. 40 2,934 366. 61 40 585. 36 
60 191, 74 3,207 383. 27 50 593.79 

4 00 200. 08 3. 492 399.92 |} 12 00 602, 21 
10 208. 43 3.790 416. 58 10 610. 64 
20 216.77 4,099 483, 24 20 619. 07 
30 225.12 4.421 449. 89 30 627.50 
40 233. 47 4, 755 466. 54 40 635, 93 
50 241, 81 5.100 483. 20 50 644. 37 

5 00 250, 16 5.459 499.85 || 13 00 652. 81 
10 258. 51 5, 829 516.50 10 661, 25 
20 266. 86 6.211 583. 15 20 669. 70 
30 275. 21 6. 606 549, 80 30 678.15 
40 +283. 57 7,013 566. 44 40 686. 60 
50 291. 92 7.432 583. 09 50 6965, 06 

6 00 300. 28 7. 863 599.78 || 14 00 703, 51 
10 308. 64 8.307 616. 38 10 711. 97 
20 316. 99 8. 762 633. 02 20 720. 44 
30 325. 35 9, 230 649. 66 30 728.90 
40 333. 71 9.710 666. 30 40 737,37 
50 342. 08 10, 202 682, 94 50 745. 86 

7 00 350. 44 10. 707 699.57 |} 15 00 754. 32 
10 358. 81 11. 224 716.21 10 762. 80 
20 367.17 11. 753 132, 84 20 771. 29 
30 376. 54 12, 294 749.47 30 779.77 
40 883. 91 12. 847 766.10 40 788. 26 
50 392, 28 13. 413 782.73 50 796, 75 

8 00 400. 66 13. 991 799.36 || 16 00 805. 25 
10 409, 03 14. 582 815. 99 10 813.75 
20 417.41 15. 184 832. 61 20 822.25 
30 425.79 15. 799 849, 23 30 830. 76 
40 434.17 16. 426 865. 85 40 839.27 
50 442, 55 17, 066 882, 47 50 847.78 


1.717 
18. 381 
19, 058 
19. 746 
20, 447 
21.161 


21, 886 
22, 624 
23, 375 
24, 138 
24,913 
25. 700 


26. 500 
27.313 
28. 137 
28. 974 
29, 824 
30. 686 


31,561 
32. 447 
33, 347 
34. 259 
35.183 
36.120 


37.069" 
38, 031 
39.006 
39. 993 
40. 992 
42,004 


43.029 
44, 066 
45,116 
46,178 
47, 253 
48.341 


49,441 
50. 554 
51. 679 
52. 818 
53. 969 
55.132 


66. $09 
57. 498 
58. 699 
59. 914 
61,141 
62. 381 


Long 
chord, 
L.@, 


899.09 
916.70 
932, 31 
948, 92 
965. 63 
982, 14 


998, 74 
1015, 35 
1031, 95 
1048, 64 
1065, 14 
1081.73 


1098, 3 
1114, 9 
1131.5 
1148, 1 
1164.7 
1181.2 


1197, 8 
1214.4 
1231.0 
1247.5 
1264.1 
1280.7 


1297, 2 
1813.8 
1330.3 
1346.9 
1363, 4 
1380.0 


1396.5 
1413.1 
1429, 6 
1446,2 
1462.7 
1479. 2 


1495.7 
1512,3 
1528.8 
1545.3 
1561.8 
1578.3 


1594.8 
1611.3 
1627,8 
1644.3 
1660.8 
1677.3 
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df Tang., T. eats dist., 
oo ‘ 
17 (00 856. 30 63, 634 
10 864, 82 64. 900 
20 873. 35 66.178 
30 881. 88 67.470 
40 890. 41 68. 774 
50 898.95 70. 091 
18 00 907.49 TL. 421 
10} ‘916.03 72.764 
20 924. 58 74,119 
30 933, 13 75,488 
40 941. 69 76. 869 
50 950. 25 78, 261 
19 00 958, 81 79.671 
10 967. 38 81. 092 
20 975. 96 82. 525 
30 984,53 83. 972 
40 993, 12 85, 431 
50; 1001.70 86, 904 
20 00 | 1010.29 88, 389 
10 | 1018.89 89, 888 
20 | 1027.49 91. 399 
30 | 1036.09 92. 924 
40; 1044.70 94, 462 
60; 1053.31 96. 013 
21 00} 1061.9 97.58 
10 | 1070.6 99.15 
20 | 1079.2 100.75 
30 | 1087.8 102. 35 
40 | 1096.4 103.97 
60 | 1105.1 105. 60 
22 00) 1113.7 107. 24 
10} 1128.4 108. 90 
20} 1131.0 110.57 
30 | 1139.7 112, 25 
40} 1148.4 113. 95 
60] 1167.0 116. 66 
23 00] 1165.7 117.38 
10| 1174.4 119,12 
20} 1183.1 120. 87 
30{ 1191.8 122, 63 
40 | 1200.6 124: 41 
60 | 1209.2 126, 20 
5 
24 00{ 1217.9 128. 00 
10 | 1226.6 129, 82 
20; 1235.3 131. 65 
30 | 1244.0 133. 50 
40 | 1252.8 135. 36 
50 | 1261.6 187, 23 


Long 
chord, 
L. G. 


1693.8 
1710.3 
1726.8 
1743. 2 
1759.7 
1776, 2 


1792. 6 
1809.1 
1825.5 
1842.0 
1858.4 
1874.9 


1891.3 
1907.8 
1924, 2 
1940. 6 
1957.1 
1973.5 


1989.9 
2006. 3 
2022.7 
2039.1 
2055.5 
2071.9 


2088. 3 
2104.7 
2121.1 
2137.4 
2153.8 
2170, 2 


2186.5 
2202.9 
2219.2 
2235.6 
2261.9 
2268.3 


2284.6 
2301.0 
2317.3 
2333. 6 
2349,9 
2366.2 


2382.5 
2398. 8 
2416.1 
2431.4 
2447.7 
2464.0 


. Lon 
4 Tang., T. Beh ales chord _ 
‘ L. ©. 
Oo:-f¢ 
25 00 1270, 2 139,11 2480. 2 
10 1279.0 141. 01 2496.5 
20 1287.7 142.93 2512.8 
30 1296.5 144, 85 2529.0 
40 1305.3 146,79 2545.3 
50 1314.0 148, 75 2561.5 
26 00 1322.8 150.71 2577.8 
10 1331.6 152. 69 2594.0 
20 1340. 4 154. 69 2610. 3 
30 1349, 2 156.70 2626.5 
40 1358.0 158.72 2642.7 
50 1366. 8 160.76 2658, 9 
27 00 1375.6 162. 81 2675.1 
10 3384. 4 164, 87 2691.3 
20 1393, 2 166. 95 2707.5 
30 1402.0 169. 04 2723.7 
40 1410.9 171.15 2739, 9 
50 1419.7 173, 27 2756.1 
28 00 1428. 6 175. 41 2772.3 
10 1437.4 177. 65 2788.4 
20 1446.3 179, 72 2804. 6 
30 1465.1 181. 89 2820. 7 
40 1464.0 184, 08 2836. 9 
50 1472.9 186, 29 2853. 0 
29 00 1481.8 188, 51 2869. 2 
10 1490.7 190, 74 2885.3 
20 1499.6 192. 99 2901. 4 
30 1608.5 195. 25 2917.6 
40 1517.4 197.53") 2983.7 
50 1526.3 199, 82 2949.8 
30 00 1635.3 202.12 2965.9 
10 1544,2 204. 44 2982. 0 
20 1553.1 206.77 2998.1 
30 1562.1 209, 12 3014.2 
40 1571.0 211, 48 3080. 2 
50 1580.0} 213.86 3046. 3 
31 00 1689.0 216. 25 3062. 4 
10 1598.0 218, 66 3078.4 
20 1606.9 221.08 8004. 5 
30 1615. 9 223. 51 3110.5 
40 1624.9 225.96 3126.6 
50 1633.9 228.42 3142. 6 
32 00 1643.0 230.90 3158.6 
10 1652.0 233.39 3174.6 
20 1661.0 235. 90 3190. 6 
30 1670.0 238. 43 3206. 6 
40 1679.1 240. 96 3222. 6 
50 1688.1 243. 52 3238, 6 
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TaBLe Il—Qontinued, 


r Lon: Lon; 
A Tang., T. gia chord, 4 Tang., T. Hixt. diet., chord, 
L. 0. : L.¢, 
ofr ° fA 
33 00 | 1697.2] 246.08 3254.6 |) 41 00] 2142.2] 387.38] - 4013.1 
10} 1706.3] 248.66 3270.6 10 2161.7 | 390.71 | 4028.7 
20 1716.3 | 251.26] 3286.6 20} 2161.2) 394.06] 4044.3 
30 1724.4 | 253. 87 8302. 6 30] 2170.8] 397.43] 4059.9 
40 | 1733.5 256.50] 8318.5 40 | 2180.3} 400.82] 4075.5 
50 1742.6 | 259.14] 3384,4 50] 2189.9] 404.22] 4091.1 
34 00] 1751.7 261. 80 3350.4 |} 42 00} 2199.4 | 407.64] 4106.6 
10 1760. 8 264.47 | 3366.3 10 { 2209.0{ 412.07} 4122.2 
20 1770.0 | 267.16 3382.2 20} 2218.6} 414.52] 4187.7 
30 1779.1] 269.86 3398. 2 30] 2228.1} 417.99] 4153.3 
40 1788.2 | 272.68] 3414.1 40 | 2237.7 | ‘421.48 | 4168.8 
50 1797, 4 275.31 3430.0 50 2247.3 | 424.98) 4184.3 
35 00 1806.6 278. 05 8445.9 ]} 43 00] 2257.0] 428.50; 4199.8 
10 1815.7 | 280, 82 3461.8 10} 2266.6 | 482,04) 4215.3 
20| 1824.9 283.60 | 3477.7 20 | 2276.2} 435.59] 4280.8 
30 1834.1 286. 39 3493.5 30 | 2285.9} 439.16 | 4246.3 
40 1843.3 | 289.20 8509. 4 40 | 2295.6 | 442.75 | 4261.8 
50 1852.5 292, 02 8525, 3 50 | 2305.2] 446.85] 4277.3 
36 00 1861.7 294. 86 8541.1 || 44 00| 2314.9} 449.98 | 4292.7 
10 1870.9 297.72 | 3657.0 10 | 2824.6} 453.62] 4808.4 
20} 1880.1 | 300.59| 3572.8 20{ 2334.3 | 457.27} 4323.6 
30 1889.4} 303.47 3588. 6 30 | 2844.1 460.95 | 4339.0 
40 1898.6 806.37 | 3604.5 40 | 2353.8] 464,64! 4354.5 
50 1907.9 309. 29 8620.3 60 | 2863.5 |. 468.35] 4369.9 
37 00} 1917.1 312.22 |” 3636.1 |] 45 00] 2373.3 | 472.08] 4385.3 
10 | 1926.4} 315.17 3651.9 10 | 2383.1 | 475.82 | 4400.7 
20 | 1935.7 318,13 | 3667.7 20| 2392.8) 479.59) 4416.1 
80 1945.0 | 321.11 8683.5 30 | 2402.6] 483.37] 4431.4 
40 | 1954.3] 324.11] 3699.3 40} 2412.4] 487.16] 4446.8 
50| 1963.6 327.12 | 3715.0 60] 2422.3] 490.98) 4462.2 
38 00] 1972.9) 380.15 | 3780.8 || 46 00] 2432.1) 494.82] 4477.5 
10 1982.2 333.19 | 3746.5 10 | 2441.9} 498.67] 4402.8 
20 1991.5 336.25 | 3762.3 20| 2451.8) 502,64] 4508.2 
30 | 2000. 9 339.82} 3778.0 30 | 2461.7] 506.42) 4523.5 
40 | 2010.2] 342.41 3793. 8 40 | 2471.5 | 510.33} 4538.8 
50] 2019.6 | 345.52] 3809.5 60} 2481.4 | 614.25} 4554.1 
39 00} 2029.0] 348.64} 3825.2 147 00] 2491.3] 518.20} 4569.4 
190 | 2038.4; 351.78} 3840.9 10} 2501.2] 522.16) 4584.7 
40 | 2047.8{ 354.94 | 3856.6 20 | 2511.2| 526,13] 4599.9 
30 | 2057.2 | 368.11 3872.3 30] 2521.1) 580.13] 4615.2 
40 | 2066.6 361.29 | 3888.0 40} 2531.1] 634,15 | 4630.4 
50/ 2076.0] 364.50} 3903.6 50] 2541.0} 538.18} 4645.7 
40 00 2085. 4 367.72 3919.3 |} 48 00 2551.0 | 542,23 | 4660.9 
10} 2094.9 870. 95 8935.0 10 | 2561.0| 546.30{ 4676.1 
20} 2104.3] 374.20} 3950.6 20| 2571.0} 550,39} 4691.3 
30} 2113.8] 377.47 | 3966.3 30] 2581.0] 654.50} 4706.5 
40 | 2123.3] 380.76} 3981.9 40{ 2591.1| 558,63] 4721.7 
60 | 2132.7} 384.06 | 3997.5 60] 2601.1 | 562,77 | 2786.9 


50 


61 


52 


63 


54 


55 


56 


RAILROADS. 


TABLE I—Continued. 


Tang., T =e 2 
2611.2 566, 94 
2621.2 571.12 
2631.3 575,32 
2641.4 679. 54 
2651.5 583. 78 
2661.6 588. 04 
2671.8 592.32 
2681.9 596, 62 
2692.1 600. 93 
2702.3 605. 27 
2712.5 609. 62 
2722.7 614. 00 
2732.9 618. 39 
2743.1 622. 81 
2753. 4 627, 24 
2763.7 631. 69 
2773.9 636. 16 
2784, 2 640. 66 
2794, 5 645.17 
2804. 9 649.70 
2815. 2 654. 25 
2825. 6 658. 83 
2835. 2 663, 42 
2846, 3 668. 03 
2856. 7 672. 66 
2867.1 877. 32 
2877. 6 681. 99 
2888.0 686. 68 
2898, 4 691. 40 
2308, 9 696. 13 
2919, 4 700. 89 
2929.9 705. 66 
2940, 4 710. 46 
2951.0 715. 28 
2961.5 720.11 
2972.1 724, 97 
2982.7 729, 85 
2993. 3 734 76 
3003, 9 739. 68 
$014.5 744, 62 
3025.2 749. 59 
8035. 8 764, 57 
8046, 5 759. 58 
3057. 2 764.61 
8067.9 769. 66 
3078.7 TT4. 13 
3089.4 779. 83 
3100. 2 784, 94 


Long 
chord, 
L. 0. 


4752.1 
4767.3 
4782.4 
4797.5 
4812.7 
4827.8 


4842.9 
4858.0 
4873.1 
4888.2 
4903. 2 
4918.3 


4933. 4 
4948.4 
4963.4 
4978.4 
4993, 4 
5008. 4 


5023. 4 
5038, 4 
5053. 4 
6068.3 
5083.3 
5098. 2 


5113.1 
5128.0 
5142.9 
6157.8 
5172.7 
5187.6 


5202. 4 
6217.3 
5232.1 
5246.9 
5261.7 
5276.5 


5291.8 
5306.1 
5320.9 
5335. 6 
5350. 4 
5365, 1 


5379. 8 
5394.5 
5409.2 
6423.9 
5488. 6 
6453.3 


4 


S858 SéS85s 


a 
—) 


Tang., T. | Ext, diat., 
E. 
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TasLe I—Continued. 


. Long : Lon, 

4 Tang., T. eo aaa chord, 4 Tang., T. sk le chord, 

2 L. ¢. . L. ¢. 

o o f 

65 00} 3660.2 1063.9 6167.1 || 73 00} 4239.7 1398.0 | 6816.3 
10] 3661.9 1070.2 | 6171.1 10} 4252.6 | 1405.7] 6829.6 
20| 3673.7 1076. 6 6185. 2 20 | 4265.6 1413,5 | 6843.0 
80 | 3685.4 1082.9 | 6199.2 80 | 4278.5 1421.2 | 6856.4 
40 | 3697.2} 1089.3] 6213.2 40| 4291.5 1429.0 | 6869.7 
50 | 3709.0] 1095.7 6227. 2 50 | 4804.6] 1436,8| 6883.1 
66 00| 3720.9 1102. 2 6241.2 || 74 00; 4317.6] 1444.6| 6896.4 
10 | 3732.7 1108.6 6255.2 10} 4330.7 1452.5 | 6909.7 
20| 3744.6 1115.1 6269.1 20} 4343.8 | 1460.4] 6923.0 
30 8756.5 1121.7 6283.1 30 | 4356.9] 1468.4} 6936.2 
40 3768. 5 1128, 2 6297.0 40 | 4370.1 1476,4 | 6949.5 
50 3780. 4 1134.8 6310. 9 50 | 4383.3] 1484.4] 6962.8 
67 00 8792.4 1141.4 6324.8 || 75 00] 4396.5) 1492.4 | 6976.0 
10} 3804.4 1148.0} 6338.7 10} 4409.8] 1500,6| 6989.2 
20 | 3816.4 1154.7 6352. 6 20; 4423.1] 1508.6] 7002.4 
80 | 3828.4 1161.3 6366. 4 30] 4436.4 | 1616.7) 7015.6 
40 | 3840.6 1168.1 6380. 3 40) 4449.7 1524.9 | 7028.8 
60 | 9852.6 1174, 8 6394, 1 60 | 4463.1 1533,1] 7041.9 
68 00} 3864.7 1181.6 6408.0 || 76 00] 4476.6) . 1641.4) 7055.0 
10 3876.8 1188.4 6421.8 10| 4489.9/ 1549.7 | 7068.2 
20] 3889.0] 1195.2 6435. 6 20} 4503.4) 1558.0} 7081.3 
80 | 3901.2 1202.0] 6449.4 30] 4516.9 | 1566.3] 7004.4 
40 | 3913.4 1208.9} 6463.1 40; 4630.4 | 1574.7} 7107.5 
60 | 3925.6 1215.8 6476.9 50 | 4544.0] 1683.1) 7120.5 
69 00} 3937.9 1222.7 6490.6 || 77 00] 4557.6 | 1591.6] 7133.6 
10| 3950.2 1229.7 6504, 4 10 | 4571.2] 1600.1] 7146.6 
20 | 3962.5 1236.7 | 6518.1 20} 4584.8] 1608.6] 7159.6 
30| 3974.8 1243.7 6531.8 30| 4598.56 | 1617.1] 7172.6 
70 | 3987.2 1260.8 6545.5 40 | 4612.2] 1625.7] 7185.6 
50 | 3999.5 1257.9 | 6559.1 50 | 4626.0] 1634.4) 7198.6 
70 00; 4011.9 1265.0 | 6572.8 || 78 00, 4630.8{ 1643.0; 7211.6 
10] 4024, 4 1272.1 6586. 4 10| 4653.6 | 1661.7] 7224.5 
20 4036. 8 1279.3 | 6600.1 20| 4667.4 | 1660.6] 7287.4 
30 | 4049.8 1286.6 6613.7 30] 4681.3] 1669.2) 7250.4 
40 | 4061.8 1293.7 6627.3 40| 4695.2 | 1678.1 | 7263.3 
60 | 4074.4} 1300.9 6640, 9 50! 4709.2} 1686.9] 72781 
71 00} 4086.9 1308. 2 6654.4 || 79 00{ 4723.2 1695.8 | 7289.0 
10 | 4099.5 1815.5 6668. 0 10| 4737.2} 1704.7] 7301.9 
20} 4112.1 1322.9 6681.6 20| 4751.2| 1718,7| 7314.7 
80} 4124.8 1330.8 | 6695.1 30| 4765.3 { 1722.7] 7827.6 
40 | 4137.4 1337.7 8708. 6 40| 4779.4 | 1731.7 | 7340.8 
50 | 4150.1 1345.1 6722.1 50| 4793.6] 1740.8.| 7353.1 
72 00} 4162.8 1352.6 | 6735.6 || 80 00} 4908.7 | 1749.9) 7365.9 
10 4175.6 1360. 1 6749.1 10 4822.0 1759.0 ae 
20| 4188.4 1367.6 | 6762.5 20| 4936.2] 1768.2] 7391. : 
80] 4201.2 | 1375.2] 6776.0 30! 4850.5] 1777.4 | 7404 i 

40 | 4214.0] 1882.8 8789. 4 40 | 4864.8 | 1786.7] 7416. 
501 4226.8 | 1390.4} 6802.8 60 | 4979.2] 1796.0] 7420.5 
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TABLE I—Conciuded. 
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82 


83 


84 


85 


10 
20 
30 
40 
60 


00 
10 
20 
30 
40 
60 


00 
10 
20 
30 
40 
50 


00 
10 
20 
30 
40 
50 


00 
10 
20 
30 
40 
50 


Tang., T. 


4893.6 
4908.0 
4922.5 
4937.0 
4951.5 
4966.1 


4980.7 
4995.4 
5010. 0 
5024.8 
6039.6 
5054.3 


5069. 2 
6084. 0 
5099.0 
5113.9 
5128.9 
5143.9 


5159.0 
6174.1 
5189.3 
5204. 4 
5219.7 
6234.9 


5250.3 
6265. 6 
5281.0 
5296, 4 
5311.9 
~ 6327, 4 


Ext. dist., 
E. 


1814,7 
1824.1 
1833. 6 
1843.1 
1852.6 


1862.2 
1871.8 
1881.5 
1891.2 
1900. 9 
1910.7 


1920.5 
1930. 4 
1940.3 
1950.3 
1960. 2 
1970.3 


1980. 4 
1990.5 
2000. 6 
2010. 8 
2021.1 
2031.4 


2041.7 
2052.1 
2062. 5 
2073.0 
2083. 5 
2094.1 


1805, 3 


Long 
chord, 
L. C. 


7442.2 
7454.9 
7467.5 
7480, 2 
7492. 8 
7505. 4 


7518.0 
7530. 5 
7643.1 
1555.6 
7668, 2 
7580.7 


7593. 2 
7605. 6 
7618.1 
7630. 5 
7643.0 
7655. 4 


7867.8 
7680. 1 
7692. 5 
7704. 9 
TT1T. 2 
7729.5 


7741.8 
7754.1 
7766.3 
7178.6 
7790.8 
7803.0 


Long 

Tang., T. is chord, 

. L. C. 
5343.0 2104.7 7815. 2 
5368.6 2115.3 7827.4 
5374. 2 2126.0 7839. 6 
5389.9 2136. 7 7851.7 
5405.6 2147.5 7863. 8 
6421.4 2158.4 7876.0 
5437, 2 2169, 2 7888.1 
5453.1 2180. 2 7900.1 
5469.0 2191,1 7912, 2 
5484.9 2202. 2 7024.3 
5500. 9 2213, 2 7936, 3 
5517.0 2224.3 7948.3 
5533.1 2235.5 7960.3 
5549.2 2246.7 7972.3 
5565. 4 2258.0 7984, 2 
6581.6 2269.3 7996. 2 
5597.8 2280.6 8008. 1 
5614. 2 2292. 0 8020.0 
6630, 5 2303. 5 8031.9 
5646. 9 2316.0 8043, 8 
5663. 4 2326.6 8055.7 
5679.9 2338. 2 8067.5 
5696. 4 2349. 8 8079.3 
5713.0 2361.5 8091. 2 
5729.7 2373.3 8103. 0 
5746.3 2385.1 8114.7 
6763.1 2397.0 8126.5 
5779.9 2408, 9 8138. 2 
6796.7 2420.9 8150. 0 
5813. 6 2432.9 |* 8161.7 


Note.—If 4 x_D is less than 600, the error in tang. dist. of the above table is 


less than 0.4 ft. 


ft. 


If 4 X D is less than 200, the error in tang. dist. is less than 0.1 ft. 


If 4 x Dis less than 400, the error in tang. dist. is less than 0.25 
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Tasie II.—Minutes and seconds in decimals of a degree. 


5 
5 


Deg. |) Mifi.! Deg. || Min.| Deg. || Sec.| Deg. || Sec.| Deg. || Sec. Deg. 


1 | 0.017 21 | 0.350 |} 41 | 0.683 1 | 0.000 21 | 0.006 41| 0,011 
21 .033 22 | .367 42; .700 2] .001 22; .006 42 -012 
3] .050 23 | .383 43 | .717 3] .001 23; .006 || 43 012 
4| .067 24 | 400 44) .733 4) .001 24 | .007 44/ .012 
5} .083 25 | 417 45) .750 5} .00L 25 | .007 45 012 
6} .100 26 | .433 46 | .767 6 | .002 26 | .007 46 013, 
7 | .117 27 | .460 47 | .783 7] .002 27 | .007 47 013 
8] ,133 28 | .467 48 |} .800 8} .002 28; .008 48 -013 
9} .150 29 .483 49 | .817 9} .002 29; .008 49 014 
10] .167 30} .500 50 | .833 10 | .003 30 | .008 |} 50 - O14 
11} .183 31) .517 51 |,,-850 j| 11) .003 31] .009 51 O14 
12) .200 32 | .533 52 | .867 12] .003 32] .009 52 014 
13 | .217 33 | .550 || 53) .883 13} 004 33 | .009 53 O15 
14 | .233 34 | .567 54; .900]} 14} .004 34] .009 54 O15 
15 | .250 35 | .583 65 | .917 15 {| .004 35 | .010 |} 55 O15 
16 | .267 36 | .600 56 | .933 16 | .004 36 | .010 || 56 016 
17 | .288 37 | .617 57 | .950 17 | .005 37 | .010 || 57 016 
18} .300 38 | .633 68 | .967 18} .005 38] ,O11 58 016 
19 | .317 39 | .650 || 59 | .983 || 19] .005 39] .OL1 59 016 
20] .333 40} .667 60 | 1.000 || 20} .006 40 | .O11 60 -017 


Tas.E ITI.—Tangent offsets in feet for curves of small radius. 


Distance in ft. along tangent from PO and PT in parts of radius. 


Radius 
in ft. . 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
i 
10} 0.05 0, 20 0. 46 0. 84 1.34 2.00 2. 86 4,00 5, 64 
15 . 08 - 30 . 69 1.25 2,01 3.00 4,29 6.00 8,46 
20 10 40 92 1. 67 2, 68 4.00 5.72 8.09 11,28 
25 -13 -51) 1,15 2.09 3.35 5,00 7.15 | 10,00 14.10 
80 5 -61 1.38 2.50 4.02 6.00 8.58 | 12.00 16. 92 
40 -20 -81} 1,84 3.34 5.36 8.00] 11.48] 16.00 22, 56 
50 2 1.01 2.31 4.18 6.70 | 10.00] 14.29] 20.00 28, 21 
60 .30 1.22 2.77 5.01 8.04 | 12.00) 17.15 24, 00 33. 85 
70 235 1.41] 3.22 5,84 9, 38 14.00 | 20.01 | 28.00 39. 49 
80 .40] 161] 3.69 6.68 | 10.72] 16.00] 22.87} 32.00 45.13 
90 45 1.82] 4.15 7.52 | 12.06} 18.00 | 25.73 36,00 50.77 
100 -50| 2.02 4.61 8.35 13.40; 20.00 | 28.59] 40,00 56,41 


Tabular numbers give lengths of offsets in feet at points on tangent whose dis- 
tance from PC or PT'in feet is equal to the proportional part of radius given at head 
of column. 


Taste [V.— Middle and side ordinates in thousandths of 


RAILROADS. 


varying by 1 ft. for 1° of curvature. 


B51 


feet for subchorda 


om sai? ae 
‘Ss Ordinates. 4 E| Ordinates. || SB | Ordinates. [SE |} Ordinates. 
ao asc ie 
FF Mid. Ee Mid 22 Mid. ee Mid. 
d= . oO - . OD 1a- : ld- + 
3 a die. | Side. || S21 aio, | Side || 52] aie. | Side. |. $21) aio. | Side 
1 | 0.000 | 0.000 |} 26 {0.015 | 0.011 || 51 | 0.056 | 0.042 | 76 |l0.126 | 0.094 
2{ .000] .000 |] 27] .016| .012]} 52] .058| 1043} 77 |} .129] .097 
3{ .000| .000 || 28] .017{ .013 || 58] .060| 1045! 78 |} .332] .099 
4} .000| .000 |) 29] .018| .014 || 54] .063| .047| 79 || -136] .102 
5 | .600] .000 || 30] .020] .015 || 55) .065/ .049| 80 | 7130} -104 
6| .000] .000 |} 31] .021| .016 || 66; .068| 1051] 81 |/ .148] .107 
7| .001} .000)) 32} .022| .016 |) 57) .071) .053} 82 }) .146) .109 
8| .001! .000 |} 33] 624] .018 |] 58] .073| .055/| 83 ]| .150] .112 
9; .002{ .dv1 |} 34] .025| .019 || 59] .076| .057| 84 || 154] .115 
10] .002} .001 |! 35] .027| .019 |} 60| .078| .059| 85 || 158] .118 
11} .003] .002 |] 36] .028! .021 |) 61] .081! 061; 86 /] 162] .121 
12| .003} .002 |} 37] .030| .022 | 62| .084| 10631 87 || 166] .124 
13 | 0041 .003 |} 38] .031/ .023 | 63| .087} .065| 83a°l|.170| .127 
14] .004} .008 | 39] .083} .024 |) 64! 090} .067| 989 ]/ .173] .130 
35 | .005 |} .003 || 40] .035] .026 || 65] .092/ .069! 90]] .177| .133 
16 | .006 | .004 || 41] .037; .028 || 66] .095! .071! 91 |] .181] .136 
17| .006} .004 |} 42] .038]| .029 |) 67| .098| .073| 92]| .184] .138 
18] .007] .005 | 43] .040} .030 |} 68] .101| .076! 93] .188| .141 
19] .008| .006 | 441.042! .031 || 69] .104] .078| 94]] .192] .144 
20] 009] .007 || 45 | .044/ .033 |} 70} .107! .080| 95 |} .197| .148 
21] .010/ .007 || 46] .046 | .034 || 71} .110| .082! 96 |} 201] .151 
22] .o11| .008 || 47 | .048| .036 || 72| 1113) .085 | 97 || .205| .154 
23} .012! .009 |) 48 | .050] .037 || 73 | .116 | .087{ 98 || .210]| .157 
24] .013| .009 || 49] .052] .039 || 74} .119} .089/ 99 || .214] .160 
25] .014! .010 || 50] .054] .040 || 75} .123} .092 | 100 || .218 | .163 


For distances greater than 100 ft., take from the table the ordinates for 14; 14, or 
14 the distance and multiply them by 4, 9, or 16. 
For any other curvature multiply by its values in degrees. 


ENGINEER FIELD MANUAL. 


352 


“op TTA sonrjuenbd 19439 


“SL PUB TI SUUN[Oo UT seAAUBUd 03 ST pps ‘eBe2 6 ,F 10g 


“90a 


~I9PIp Oy} pps ,Q Wey sso] [PEI Fouy yYSTeNs VICK “ST PUL TL SUUINIOS UL seyWUENd oy} Wor] soueTE_IpP oyy JowlIqne ,¢ uLTy WySusy 1098013 
Jo [aI Boy WByee Vly *eaINO peal Oy} UL [rer Bory WYSre1j9 Jo ,¢ pue moins 49 soBv3 ,2¢g ,F 10% paynduioo st efqel oaoge UL, 


el ¢ ZL «| so ¢ | 96°89 | eh &€ |03 & |80 T |oog | 98 T 8 919. | ST“T6 oF y | ZL 
tL 9 sg'99 |} 99 9 |p9's9 | 60 6 | oF S | 80 T |o0'9s | 93 T 81 6Z°TL =| 63°98 «| OE gL AIT 
Io 8 6es¢ | 10 2. | 96°9 | OF F | 8G € | £0 T |00'93 | GF T ST 80°89 | 89's. | GF g | OT 
zo 6 seeg | 70 6 | 96°09 |9T ¢ {28 F | 90 T | sees | oF T <I zo-sg «=| ego. | 9 |86 
9 ZL | 80's | Ig IL | soe [eo @ | Fe G {OT T | 2900 | T oT woze | 1t'99 «=| 60 4 | 8 
FO SL | 8F'ar | G0 OL | ITP | oh 9 | 9% 9 (93 T jos'st | a TI ST oor «joses jor es Js 
1b 13 «| 9'98 «| Le tS | Tere [1g 2 | eh foe To | L9or | cae 90°T? |9ce¢ |ze 6 |9 
Sl ge | 24793 | 90 ve ;es'os | 13 6 |e 8 | FO f | oLer | se sf Oo 90° =| OF OP «=| 9S IT |g 
oe $9 «| POTS |B Bo | 10;0Z |1¢ IL | 46 IL | Fs 2 | OL | se 3 OL oL9s «| HG 6 GE FL Oe. 
a) wt so ME 0 an) 200 erg 40 re @ MM es ‘0 

(FT) (eT) (21) -| (1) (ot) (6) (3) (2) (9) (g) (+) (g) (2) (1) 

‘a | "ay SueT ‘a «=| wsuey | -qnig | aids | ‘o1suy | -qisueT | ‘ozuy /-qysueT | -qnjg | yidg | ‘ojgay |-zequny 

“qnig “mds - “quag “mds 
F “peal jo qysueT “Bolg 
“TBI pvoy “Tper Young 


‘QAISNIOUT ‘ZI 0} P SAOQUINU Folj Loy SOYSPIALS Qnzs pe zYdS Jo sUOIsUCUBIG—'A T1AVL 


RAILROADS, 


TaspLe VI.—Number of special ties required for single switches. 
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Frog number .-.-.-_._-__-___--_-_______| 4] 5| 6] 7] 8} 9]10/11] 12 
Ties, 7 x9 gona ns aa for each | yon eth, Number. 
Fi. 
Stub switch only__ oa 9/ 1/ 1] 3] 8] 8] 8/ 38] 2 2 
Split switch only.______.-______ 91 6| 6/10/10]10}10/10;/11] 11 
10; 6{ 7] 8] 9]10/]10)11)] 12] 13 
1l}| 3] 4] 6 6|/ 7] 9] 9311 11 
Stub or split switch -_...-..--- alae ol el elie glade oe 
14] 3/} 3] 3] 5] 4; 5 6| 6 7 
16 2 3 4 4 5 5 6 6 8 


Taste VII.—Distances in feet measured along the main rail between the frogs 
of cross overs, for a gage of 4 ft. 9 ins. 


Distance between centers of tracks in ft. 
Frog 
number} ay} 1.5 12 12.5 13 13.5 14 
4 5.25 TAT 9.17 11. 08 13. 08 15.00 17.00 
5 6.92 9. 33 11. 83 14, 26 16.75 19.17 21.58 
6 8.50 11. 50 14.42 17.42 20. 33 23. 83 26, 25 
7 10. 08 13.50 17.00 20. 50 23,92 27. 25 30. 83 
8 11, 67 15. 58 19.58 23.58 27, 58 $1.50 35, 50 
9 13,17 17,67 22,17 26.58 31. 08 35. 58 40. 08 
10 14, 67 19, 87 24, 67 29. 67 34, 67 39.58 44,58 
11 16. 25 21.75 27,26 32.75 38, 25 43.75 49, 25 
12 17.75 | 23,75 29, 67 35. 67 41. 67 47.58 53. 68 


Note.—If the gage varies slightly from 4 ft. 9 ins. correct the tabular number by 
twice the difference x frog number, Add the correction if the gage is less that 4 ft. 


9 ins.; subtract if it is greater. 
87625—09-——23, 
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PART V. 


FIELD FORTIFICATION 


INCLUDING 


MINING AND DEMOLITIONS. 


PART V—FIELD FORTIFICATION, INCLUD- 
ING MINING AND DEMOLITIONS. 


1. Fortification is the art of increasing by engineering devices tbe fighting 
power of troops occupying a position. These devices have for their object to increase 
the effect of the fire action of troops protected by the fortifications and their mobility 
on tbe field, or to diminish the effect of the fire action of the assailant and his 
mobility. 


2. Field fortification deals with the preparation of such devices of a temporary 
character for immediate—not permanent—use, in a position which derives its tactical 
value from the incidents of a pending campaign and which may lose that value at or 
pefore the close of the campaign. 


8, The principal classes of field fortification devices are: 


Those which produce an unobstructed field of fire in front of the line of 
defense—clearings, demolitions, grading. 


Shields or shelters, which protect the defender from the assailant’s fire—trenches, 
galleries, redoubts, blockhouses, etc. 


Masks, which conceal the defender from the assailant’s view—plantations, embank- 
ments, screens, etc. 


Obstacles, by which the advance of the assailant is retarded—abattis, slashings, 
entanglements, etc. 


Facilities for communication for the defender—roads, bridges, telegraphs, etc. 


Obstructions to communication of the assailant—destruction of bridges, 
obstruction of roads, obstacles, et. 


Many devices fall into more than one of the above categories. 


4. Field fortification may be divided into hasty intrenchments, deliberate 
intrenchments, and siege works, Hasty intrenchment includes devices 
resorted to by troops upon a battlefield to increase or prolong their fighting power, 
usually constructed in the presence of the enemy and in haste. Deliberate 
intrenchment comprises works constructed by troops not in+tine of battle for the 
protaction of depots, lines of communication, supply, or retreat, etc. As they are 
usually intended to enable a small force to resist a much larger one, they are more 
carefully designed than hasty intrenchments and have greater defensive strength. 
Siege works comprise devices used by besiegers and besieged in the attack and 
defense of strong fortifications, and especially those devices which enable troops to 
advance under continuous cover. 


The fines of division of tha three classes are not definite. Some devices may 
belong to more than one class, and a work begun in one class may be merged into 
and be completed in another. 


5. Cover.—Protection from-fire or view is usually called cover. Protection 
from fire is divided into horizontal and overhead cover. Horizontal cover gives 
protection against direct or horizontal fire. It usually takes the form of a shot-proof 
barrier, vertical or nearly so, Overhead cover gives protection against indirect or 
high-angle fire, and against the fragments of shells and shrapnel bursting overhead. 
It ordinartly takes the form of a shot-proof barrier, horizontal or nearly so. Over- 
head covers are often referred to as bombproofs or splinter proofs—the latter if 
they are light, but proof against rifle fire or fragments of shell or shrapnel, the 
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former if they are strong enough to resist the curved and vertical fire of siege guns 
and mortars. The term splinter proof is also applied to horizontal cover thick 
enough only to stop fragments of shell or shrapnel. 


6. Profiles.—A profile is a section of any cover made by a vertical plane per 
pendicular to ita general direction or practically parallel to the direction of fire 
against and over it. Fig. 1 is a typical profile on which the names of the com- 
ponent parts are indicated. 


In dimensioning a profile the plane of site (supposed horizontal) is taken as the 
plane of reference. Thedistances.of points of the profile from this plane are stated 
In feet and fractions—those above with the plus sign and those below with the minus 
sign. These quantities are inclosed in parentheses and are called references, 
Generally speaking, the plus quantities relate to embankments and the minus quan- 
tities to excavations. If the site is not horizontal the plane of reference is assumed 
to pass through a point of the site vertically below the middle point of the interior 
crest. f : . 


7. Command has reference to difference of elevation; a higher point commands 
ing a lower one; the latter commanded by the former. ‘‘ The command,”’ used 
without qualification, means the height of parapet, or the elevation of interior 
crest above plane of site. The degree of command of one point over another may be 
expressed by the difference of elevation in feet, or better, by the gradient of the line 
joining them. 

The relief of a parapet is the elevation of the interior crest above the lowest sur 
face immediately in front—the -bottom of the ditch, if there is one. With no ditch 
and a level site the relief and the height of parapet or command become the same. 


The clear height behind the parapet will be referred to as vertical coyer. It is 
the elevation of the interior crest above the bottom of the trench, or above the natu- 
ral surface if there is no trench. : 


By the thickness of a parapet is meant the horizontal distance between the tops 
of the interior and exterior slopes. It is used as a measure of the amount of hori- 
zontal cover. 


8. The principal conditions which determine the form of a profile of horizontal 
cover are the following: 


The interior slope or breast height should be nearly vertical, and its height 
aed correspond to one of the adopted firing positions, i. e., lying, kneeling, or 
standing. 


The thickwsess is regulateu by the kind of fire against which protection is desired, 
as rifle, field, or siege artillery, and the range. 


The superior slope should have an inclination such that fire over and parallel to it 
will sweep the ground in front. One-sixth has been adopted as standard, 


The exterior slope and the sides of trench and ditch should be as steep as the 
material of which they consist will stand. The banquette slope, if long, should 
be cut into steps to facilitate movement over it. 3 


The quantity of trench excavation and of embankment should be nearly 
equal to minimize labor, This applies only to smal] parapets in which all the exca- 
vation is in a trench. For heavy parapets, labor is saved by making the trench 
supply the inner part and taking the outer from a ditch, 


The command shonld usually be kept as low as possible, for better concealment 
For the same reason all sharp angles and hard lines should be avoided. 


The thickness of ordinary earth required to resist penetration at usual 
battle ranges is 3 ft. for rifle fire, 4 to 6 ft. for field guna, and 15 to 20 ft. for siege 
guns. It should be remembered that any protection is better than none. Mere 
concealment from view by a screen wholly inadequate to resist penetration will, 
for rifle fire especially, greatly reduce the casualties since the enemy’s fire will be 
Jess rapid and less accurate if he can not see his target. 


Figs. 2 to 10 show profiles of horizontal cover from the skirmisher’s trench toa 
redoubt to resist artillery. : 


9. Profiles to resist rifle fire.—The skirmisher’s trench, fig. 3, gives 
cover toa man lyingdown. The height of parapetshould not exceed 1 ft. A trenc! 
of this profile, 234 ft. front, can be constructed in soft ground in 20 minutes or leat. 
If ~nder fire, the trench can be constructed by a man lying down. He can mas 
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himself from view in 10 or 12 minutes and can complete the trench in 40 to 45 min- 
utes. A good method of working is to dig a trench 18 ins. wide back to the kneeg; 
rollinto it and dig 12 ins. wide alongside of it and down to the feet; then roll into 
the second cut and extend the first one back. 


For troops in the main line of resistance the kneeling trench, fig. 4, is the sim- 
plest. The width at bottom is not less than 214 ft.—preferably 3 ft.—and the relief 
is 3 ft., the proper height for firing over in the Kneeling position. This trench can 
be constructed in soft ground in 40 to 50 minutes, 


The standing trench, fig. 5, has a bottom width of 3 to 344 ft. and relief of 
434 ft. This is proper firing height for men of average stature. Short men may 
gouge out the superior slope a little or throw some earth under their feet. The 
standing trench can be excavated in soft ground in 2 to 2%4 houra. The kneeling 
trench can be converted into the standing in about 144 hours. 


The standing trench does not give complete cover to men standing erect in it, and 
the next stage of development is a passageway executed in the rear of the trench 
not less than 6 ft. below the interior crest. This forma the complete trench, fig, 6, 
which oan be constructed in soft ground in 4 to 414 hours, placing all the material 
in the parapet. The height remaining the same, this extra material all goes to 
increased thickness, which, if rifle fire only is considered, becomes greater than ia 
necessary. In this case some labor and time may be saved by wasting the excavation 
from the complete trench in the rear, 


Fig. 7 shows the foregoing profiles superposed. Corresponding areas of embank- 
ment and excavation are similarly shaded. It is seen that work may proceed pro- 
gressively from the first to the last, converting each into the next in order without 
handling any of the material twice, 


10. Profiles to resist field guns.—The angle of fall of field artillery project- 
iles at 3,400 yds. range is 11°, The angle of dispersion of shrapnel is 14°, which 
makes the maximum angle of fall of the bullets 18° orl on 3. Bursting charges of 
high explosives will in the future greatly increase this angle, probably to a degree 
which will require continuous overhead cover. a 


A profile to resist shrapnel only is shown in fig. 8. The thickness is 4 ft. and 
the relief such that a shrapnel fragment grazing the interior crest with an angle of 
fall of 1 on 3 will clear the heads of men kneeling or sitting in the trench. This 
profile may be formed by enlarging the trench and parapet of fig. 6. It can be exe- 
cuted in soft soil in 4 to 444 hours. The small area shown in broken shading must 
be handled a second time. 


If liable to be exposed to a prolonged attack of field guns a parapet should be 
proof against their shells. This requires 9 ft. of ordinary earth, and a suitable pro- 
file is shown in fig. 9. The additional earth is taken from a ditch, and with working 
parties in ditch and trench this profile can also be executed in 4 to 444 hours, 


11. Special profiles.—The advantages of the normal profiles above described 
are that they produce a given cover with Lan Freee expenditure of time and labor, 
and that the first protection secured can be utilized as partial cover while enlarging 
and strengthening it. The disadvantages are that the effective cover is restricted 
to a narrow zone immediately in rear of the parapet, and that in wet ground or wet 
weather it is difficult to keep the trench reasonably dry. More complete conceal- 
ment than is afforded by the normal profile is sometimes very desirable. 


The normal profile may be modified in various ways to meet local conditions. The 
cover may be all in embankment and earth may be taken from a ditch or bor- 
rowed at a distance, fig. 10. In this form the command is equal to the relief and 
the protection extends to a greater distance in rear. It may be used when the con- 
ditions of the site call for more command or the character of the ‘soil precludes a 
trench. A trench is not feasible in very wet soil, while a ditch, though more difi- 
cult to dig, is better when done for mud or water in the bottom. 


The cover may be all in excavation, figs. 11 and 12, This form was used by 
the Boers, and by the Spanish in front. of Santiago. The undercutting was peculiar 
to the Boer trench. This form may be made completely invisible, It is practicable 
only when the natural surface has sufficient command and when the ground to be 
swept is also a general concave; when the soil is stiff but workable, porous and ory 
to a considerable depth. If there are folds of ground, bushes, woods, or other means 
of concealing it, the excavated earth may be acattered on the ground; ff not, it 
must be carried away, or thrown into irregular mounds on the rear side, concealed 
by making them resemble the foreground. 
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Tu au inclosed or partially inclosed work for a stubborn defense of the ground, the 
parapet must be heavy enough to resist siege guns, the relief must be considerable 
to resist assault, and men on any part of the parade must be screened from view. 
A profile shown in fig. 13 results. By preparing the counterscarp as a firing 
crest a double tier of infantry fire is obtained. Good communication, but easily 
interrupted, must be provided from the ditch through the parapet to enable the 
front line to retreat when too hard pressed, fig. 14. 


Tf the presence of water or hard material makes only shallow excavation practica- 
cable, the trench and ditch must be widened. The parapet must be higher by the 
difference between normal and actual depth of trench, so that more material must be 
handled and it must be moved farther. 


For example, assume a parapet 6 ft. high with a sectional area of 60 sq. ft., to have 
a vertical cover of 10 ft. This might be dug from a trench 4 ft. deep and 15 ft. wide, 
or from a trench 10 ft. wide and a ditch 5 ft. wide by 4ft. deep. In soil which can be 
dug to 2 ft. deep only, the parapet would have to be 8 ft. high to give 10 ft. vertical 
cover, and its area for the same horizontal cover would be 95 sq, ft., which would re- 
quire excavating 2 ft. deep and 4744 ft. wide. The quantity of earth to be handled 
is greater by more than half and it must be carried, on an average, more than twice 
the distance. : : ' 


12. Trenches are classified as firing, communicating, and cover trenches. 
The latter are used to shelter troops exposed to fire and not in action, as supports 
and reserves. They differ from firing trenches mainly in requiring no command. 
Communicating trenches connect firing and cover trenches and offer protected 
passage between them. Concealment from view is the principal requisite, as the 
enemy can not afford to sustain a fire on such trenches and the exposure in passing 
through them is to chance shots only. The important point in coyer trenches is 
safety; it is very bad to have men hit in these trenches. They will be built with 
overhead cover, when necessary, to secure this condition. 


Trenches are sometimes classified also as offensive and defensive, the former 
adapted to give exit over the parapet for the forward movement, and the latter not 
s0 adapted. Skirmisher’s and kneeling trenches are offensive; standing and complete 
trenches are defensive, unless steps are made to facilitate mounting the parapet. 
Cover trenches will usually be of the same character as the firing trench. If ex- 
posed to artillery fire, cover trenches should be roofed if possible. Fig. 15 shows a 
plan of. firing trench, cover trench, and communicating trenches, developed as a 
result of experience in South Africa. Fig. 16 is a section of a communicating trench. 
If the enemy’s fire is all from one side, but one bank is needed, and all earth should 
be thrown on the exposed side. Fig. 17 is a section of an open cover trench and fig. 
18 of a closed one, This section may also be used for communicating trenches. Fig. 
19 indicates an arrangement suitable when the diggiug is easy and the ground per- 
mits the cover trench to be dug close in rear of tho firing trench. Fig. 20 showa a 
disposition to permit the use of a natural depression as a cover trench. Fig. 21 
shows a typical form of cover for reserves or supports on a reverse slope. 


13. Head cover is the term applied to any horizontal cover which may be pro- 
vided above the plane of fire. It is obtained by notching or loopholing the top of 
the parapet so that the bottoms of the notches or loopholes are in the desired plane 
of fire. The extra height of parapet may be 12 to 18 ins, and the loopholes may be 
3 to 344 ft. center to center. 


Head cover is of limited utility. It increases the visihility of the parapet and re- 
stricts the field of fire. At close range the loopholes serve as aiming points to steady 
the enemy’s fire and may do more harm than good at longer ranges. This is espe- 
cially the case if the enemy can see any light through the loophole. He waits for 
the light to be obscured, when he fires, knowing there is a man’s head behind the 
loophole. A background must he provided or a removable screen arranged so that 
there will be no difference in the appearance of the loophole whether a man is look- 
ing through it or not. Head cover is advantageous only when the conditions of the 
foreground are such that the enemy can not get close up. 


Notches and loopholes, figs. 22-24, are alike in all respects, except that the latter 
have a roof or top and the former have not. The bottom, also called floor or sole, 
is a part of the original superior slope. The sides, sometimes called cheeks, are ver- 
tical or nearly so. The plan depends upon local conditions. Thereisalwaysa narrow 
part, called the throat, which ia just large enough to take the rifle and permit 
sighting. From the throat the sides diverge at an angle, culled the splay, which 
depends upon the field of fire necessary. 
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The position of the throat may vary. If on the outside, it is less conspicuous but 
more easily obstructed by injury to the parapet and more difficult to use, since in 
changing aim laterally the man must move around a pivot in the plane of the throat. 
If the material of which the loophole is constructed presents hard surfaces, the 
throat should be outside, notwithstanding the disadvantages of that position, or else 
the sides must be stepped asin fig. 24. In some cases it may be best to adopt a com- 
promise position and put the throat in the middle, fig. 24. Figs. 25 to 28 show de- 
tails and dimensions of a loophole of sand bags. 


A serviceable form of loophole consists of a pyramidal box of plank with a steel 
plate spiked across the small end and pierced for fire. Fig. 29 shows a section of such 
a construction. It is commonly known as the hopper loophole. The plate should 
be % in, thick if of special steel; or 44 in., if ordinary metal. Fig. 30 shows the 
opening used by the Japanese in Manchuria and fig. 31 that used by the Russians. 

The construction of a notch requires only the introduction of some available rigid 
material to form the sides ; by adding a cover the notch becomesa loophole. Various 
methods of supporting earth will be described under ‘‘ Revetments.”” Where the fire 
involves a wide lateral and small vertical angle, loopholes may take the form of along 
slit. Such a form will result from laying logs or fascines lengthwise on the parapet, 
supported at intervals by sods or other material, fig. 33, or small poles covered with 
earth may be used, fig. 32. 


14. Overhead cover.—This usually consists of a raised platform of some kind 
covered with earth. It is frequently combined with horizontal cover in a single 
structure, which protects the top and exposed side. The supporting platform will 
almost always be of wood and may vary from brushwood or light poles to heavy 
timbers and plank. It is better, especially with brush or poles, to place a layer of 
sods, grass down, or straw, or grain sacks over the platform before putting on the 
earth, to prevent the latter from sifting through. 


The thickness of overhead cover depends upon the class of fire against which 
protection is desired, and is sometimes limited by the vertical space available, since 
it must afford headroom beneath, and generally should not projectabove the nearest 
natural or artificial horizontal cover. For splinter proofs a layer of earth 6 to 8 ins. 
thick on a support of brush or poles strong enough to hold it up will suffice if the 
structure is horizontal. If the front is higher than the rear, less thickness is neces- 
sary; if the rear is higher than the front, more is required. For bombproofs a 
minimum thickness of 6ins. of timber and 3 ft. of earth is necessary against fleld and 
siege guns, or 12. ins. timber and 6 ft. of earth against the howitzers and mortars of 
a heavy siege train. . 

In determining the area of overhead cover to be provided, allow 6 aq. ft. per 
Inan for occupancy while on duty only, or 12 sq. ft. per man for continuous occu- 
pancy not of long duration. For long occupation 18 to 20 sq. ft. per man should be 
provided. 

Figs. 34 to 43 show a variety of the moat usual types of overhead cover. 


{in a work of high command, especially if the earth is scarce or difficult to work 
and timber plentiful, it may be found that the construction of supports for overhead 
cover will involve less time and labor than the corresponding volume of embank- 
ment. In such cases bombproofs should be introduced at all possible points, regard- 
less of the number of men to be sheltered. 


15. Trace.—In field fortificatiou the term trace usually designates the horizontal 
projection of the interior crest. If the interior crest were traversed (see Reconnais- 
sance), and the traverse plotted on paper or‘on a map, the result would be the trace. 
As a general rule the trace ofa parapet will follow the lines of best natural cover or 
those which determine the strongest natural position. In practice, it usually hap- 
pens that the troops are located with a view to taking full advantage of the features 
of natural strength, and the fortifications are thrown up where they are to give them 
additional protection, 

The interior crest should be horizontal, and hence the crest should, as a rule, 
follow a contour. Generally, a broken line will approach the contour near enough 
and will be easier to lay out and construct. If the contour curves sharply the traco 
should curve also. Angles must be rounded off to make them less conspicuous, and 
at the beginning and end of a trench its bottom should gradually rise and the parapet 
fall to nothing for better concealment. 

The particular contour to be chosen depends upon local conditions. Fig. 44 is a 
section or profile of a ridge perpendicular to the general direction of its crest. The 
summit of the ridge T is called the topographic crest. The contour corresponding 
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to the point M is the one from which all the ground in front can be seen and reached 
by.fire and is called the military crest. The sky line is variable in position, From 
the point G the sky line isat D. From EF the sky line is at F. 


In locating a line of trench, it is important— 

(a). To avoid a sky line; 

(b) To occupy the military crest or a line in advance of it, and 
(e) To preserve communication under cover with the rear. 


If the ridge ia steep and is intersected by ravines or covered with growth through 
which men could move under cover, a position near the foot of the slope, as G, fig. 44, 
might be better, as a plunging fire, besides being more difficult to deliver, is not so 
effective as a fire parallel to the xround. Such a line would not be the main line of 
resistance and would not as a rule be reenforced. A reserve line should be con- 
structed on the military crest and provision made for withdrawing the men from the 
front line under the best cover possible when it can no longer be held. 


16. Kinds of trace.—Fieldworks are classified by the form of their trace into 
open, half-closed, and closed works. An open work is one affording cover on 
the side of the enemy’s approach only, with no preparation to resist flank or rear 
attack. It may consist of a line or of lines disposed in a geometrical figure. A line 
of trench, like a line of men, depends upon adjacent parts of the line to protect its 
flanks. Ends of a line retired, as in fig. 45, give a fire in front of adjacent trenches 
for flanking support. 


Lines of strong profile have a dead space in the ditch or close in front of the 
parapet which, if the work is to stand assault, must be swept by flank fire. Adja- 
cent works may be made to bear on this ground, or a line may be made self-flanking 
by giviug it the trace shown in fig. 46. The long lines may be 200 to 300 yds, long 
or even longer. The short lines should not be less than 12 yds. long and their crests 
should be held lower than the rest. Lines are always in the class of open works. 


The dead space may be avoided by adopting a form of profile called the triangular, 
shown in fig. 47. The disadvantages of this profile are the additional labor of con- 
struction, the diminished thickness of the upper part of the parapet, and the com- 
paratively slight obstacle to escalade presented by the flatter slope. A flanking fire 
will usually be preferred to the triangular profile. 


17. A redan consists of two lines called faces, ab and ac, fig. 48, which make an 
angle of about 60°. This angle is called the salient; its bisecting line ad the capl- 
tal, and the line bc the gorge. The redan is mainly used to secure a flanking fire 
along a line of parapet or a cross fire on important ground. 

The exterior angle ata between the faces prolonged is dead space which must be 
denied to the enemy by obstacles or covered by fire from adjacent works, or the angle 
may be truncated, as shown by the full line in fig. 48. Such a disposition is a pan 
coupé. The pan coupé, if short, can deliver but a small volume of fire. The trunca- 
tion may be made by a broken reentrant line, as shown dotted in the fig. This form 
is called a priest cap. A redan is usually open, but may be made a half-closed 
work by placing obstacles across the gorge. 


18. A lunette, fig. 49, consists of four lines, two of them, ab and ac, called faces, 
and the other two, bd and ce, called flanks. The angles at } and o are called shoul- 
der angles. The salient, capital, and gorge are as in the redan. The salient angle 
is at least 120°, which gives an effective fire on every part of the foreground and a 
good flanking fire as well. 

The lunette is the simplest trace adapted for uso in an isolated work. It may be 
open or half closed. In a half-closed work, either redan or lunette, the gorge 
defense may consist of obstacles or of a low trench, or of thetwocombined. In any 
case, a road must be left through it for communication. This road may be closed by 
@ gate or removable barricade, or may be swept by fire from e short trench inside 
the gorge. 

A gorge trench should have e double parapet, the front one serving as a parados 
to protect men in the trench from shots coming from the main line and also asa 
firing line to command the interior of the lunette in case the enemy gets in over the 
front. The gorge profile, fig. 50, is a type. 


19. Redoubts are works entirely inclosed by defensible parapets, though the 
term fort is usually applied to such a work when it has unusual strength, either by 
reason.of its trace or its armament. In the former case a word descriptive of the 
trace is often added, as star fort, fig. 51; bastioned fort, fig. 52. 
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The inclosed form and the restricted and usually crowded interior space, make 
tedoubts excellent targets for artillery, and they can not be used in situations 
exposed to such fire unless they can be so arranged that they can not be recognized 
ag redoubts from the enemy,s artillery positions. A favorable site is one which com- 
mands the ground around it to effective rifle range and is not visible from artillery 
Tanges. 


In preparing a defensive position, if sites meeting the foregoing conditions can be 
found on which redoubts can be built to flank the adjacent trenches, they should by 
all means be built. Redoubts in good position in rear of a line form valuable sup- 
porting points. They also find important application for isolated posts on lines of 
communication or in other territory when the enemy can not operate in considerable 
force, and will probably not have artillery. Here invisibility is less necessary, the 
first requisite being security for the garrison. There must, however, be no higher 
ground within short-range, and hence, in rolling country, such works will usually be 
placed on hills or ridges, As they are usually to be occupied for some time, care 
must be taken that a supply of water is available and proper disposition of 
refuse provided for. 


20. The trace of a redoubt will depend upon the size of the garrison to be 
accommodated, the configuration of the ground, and the probable direction of attack. 


The garrison shonld always consist of one or more units of command. No 
work should be designed for less than a company. If a larger force than one com- 
pany is needed, then two companies, and so on. It is quite usnal to indicate the 
size of a redoubt by its garrison, as a one, two or fourcompany redoubt. The garri- 
son assumed, the work should be large enough to give a yard of parapet for not 
more than two men. The length of parapet is determined first, as the siting of a 
small work may differ from that of a larger one on the same ground, 


The adaptation to the ground consists mainly in the determination of a closed 
contour haying the desired length. Such acontour, generalized by taking out small 
kinks, will usually be the best location for the parapet. 


Men 6 to 10 yds. apart may stand on the contour and hold a tracing tape at the 
height of the interior crest. By looking over the tape all along, it will be seen 
whether each part of the parapet will command the ground in front of it. If not, 
the crest must be advanced or raised at that point until it does. If the command is 
greater than necessary, the crest may be lowered or retired. Note also whether the 
longest faces are on the sides of easiest approach. If not, the trace must be modified 
to produce that result. If possible, the tape should be viewed from a short distance 
all around the outside, and if it makes any sharp angles on the sky line, they should 
be softened. . 


As to details of trace, straight lines are to be preferred to curves as being easier 
to lay out and construct and giving a better guide to direction of fire. If curves 
must be introduced, they should have at least 20 yds. radius. All faces should be 
long enough to give effective volume of fire. Ten yds. will usually be a minimum. 
A quadrilateral with truncated corners isa good type. If two adjacent faces inter- 
sect at an angle of 30° or less, truncation is not necessary. The longest face should 
bear on the ground from which the strongest attack is to be expected and the 
entrance will usually be on the opposite side, though if attack from any direction is 
especially difficult, the entrance should be on that face. 


21. Profile.—So far as regards the effectiveness of its fire, the command of a 
redoubt need not be greater than that of a trench on the same ground. A high 
command will better screeu the interior space and offer greater resistance to assault, 
but will increase the visibility of the work and the labor of building it. The hori- 
zontal cover need not, as a rule, be as thick as the adjacent trenches, as the latter 
will certainly be exposed to deliberate artillery fire and the redonbt, asa rule, will 
have to resist unaimed and scattering artillery fire only. A necessary feature is 
a trench deep and wide enough to give complete shelter and free communication. 


22. Interior arrangements.—The most important thing ts the protection of the 
garrison from flank and reverse fire, When invisibility is not essential, a command 
of 6 or 7 ft, is the easiest method of giving interior protection. Extensive overhead 
cover will be necessary. It need not ordinarily be heavy. Six ins. of earth on 
brushwood stiff enough to support it will usually suffice. When long-range fire 
may be expected from the front only, the overhead cover will be developed along the 
front edge of the trench of the front face, in excavations perpendicular to the trench 
on the flanks, and along the edge of the trench opposite the parapet in the gorge. 
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For a possible all-round Jong- range fire, short galleries should be run out to the 
vear of all trenches. This development of covered trenches may continue, if neces- 
sary, until the entire interior of the redoubt is converted into an underground camp. 
The parapet trenches and the sheltersin them must bu yrell traversed, the former 
by blocks of earth with oblique or crooked passages cut through them, and the latter 
by splinter-proof partitions of brush and earth. 


Fig. 50 shows a typical plan, with sections, of a redoubt on level ground, where a 
command of 7 ft. is permissible. (See par. 22a, p. 422.) z 


23. General considerations.—The proper use of shelter trenches for the pro- 
tection of firing lines is a matter of utmost importance to success. It may be 
accepted as a principle, established by experience, that a line of men can not remain 
stationary under fire without cover, natural or artificial. This is true in every phase 
of action, whether advancing, retreating, or standing on the defensive. Cover at 
all times is desirahle; on the move it may be dispensed with, ata halt never. In 
some cases the cover will be partly natural and partly artificial, i. o., partial natural 
cover artificially improved. In a majority of cases, however, conditions of fire 
efficiency and concealment will require a line to be placed where it could not pos- 
sibly live without artificial, cover. Another principle which may be accepted is, 
that on the offensive the line must determine the general position of the cover and 
not the cover the position of the line. The position of the line at any moment of # 
battle depends on tactical considerations and the progress and incidents of the fight, 
To prepare trenches in advance, except for defensive occupation, is to attempt to 
predict the future. It follows that all troops not in a defensive attitude must pre- 
pare their own cover after occupying a line or after they are halted. The impor- 
tance is paramount of having available for instant use.on every firing line the appli- 
ances and training to enable the men to get sufficient cover in the shortest possible 
time, This involves not alone the training of tbe men to dig with the tools pro- 
vided, but algo the knowledge and skill of their own officersto locate the trenches 
to the hest advantage. There is no time to wait for instructions or advice from the 
outside. : 


While the line will, as a rule, determine the general position of the cover, trench 
conditions will exercise a great influence on the detailed dispositions along the line. 
An inferior unit may be advanced or retired to get better command of its field of fire 
or to find easier digging. It must not be advanced far enough to interfere with the 
fire of adjacent troops on its flanks, nor be retired enough to allow them to interfere 
with its own fire. Trenches need not be continuous and should not be longer than 
suffices to contain the men on the firing line. Men should not be crowded together, 
neither should they be isolated. The best disposition is in self-sustaining groups, 
advantageously distributed. A trench should be long enough at least to take asquad; 
company or half-company lengths are, on the whole, the best. A straight line should 
be avoided. 


Iu studying the command of the ground from a given line the eye should be 
placed at the adopted height of parapet, or if the line is adopted, then the necessary 
height of parapet must be determined in the same way. What can be seen 1 ft. 
from the ground will often be very different from what can be seen at5 ft. When 
possible, proposed lines of trenches should he examined from the ground over which 
the enemy must approach, as suggested for redoubts, par. 20. 


It will seldom happen that the eutire field of fire to the limit of effective range can 
be completely swept from any position that can be selected. A position: should be 
sought which reduces the dead spaces to a minimum in number and extent, and, if 
possible, advanced or auxiliary trenches should be located to sweep them. If.the 
ground is open to 1,000 yards or more, the long or mid range is more impor- 
tant than the short range, for au effective fire on the enemy while he is advancing 
from 1,200 yds. to 200 yds. range will almost certainly put him out, or, if by any 
chance he arrives at 200 yds. in condition to keep on, little can be gained by holding 
him under fire from 200 yds. in, and a retirement is in order: In both cases, the 
disadvantage of dead space in the close foreground is more apparent than real and 
the main trenches should not sacrifice command of more distant ground within ef- 
fective range in order to sweep the foreground. Such dead ground must be com- 
manded at night or in thick weather by trenches detached or in flanking relation. 


On the contrary, if an enemy can approach under cover to mid range or less, there 
will scarcely he time to stop him by fire alone and obstacles are desirable at close 
range, which must be commanded by fire. The trenches,.in such cases, must be ad- 
vanced to cover the close foreground, and if necessary, another line in a different 
position established to sweep the more distant ground, 
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Tn a rear-guard position, the object is to force the enemy to deploy and to delay 
him toa certain extent, and then retreat to another position before bis advance to 
close range and before his fire becomes annoying. The command of the foreground 
is of no consequence, while a safe withdrawal is all-important, and the front slope 
of a ridge should be avoided. The forward edge of a plateau will do, or, if the pla- 
teau is long enough, the rear edge may be occupied. If there is timber on the 
plateaa, its front edge should be the location of the line. 


When concealment of the general position is not possible, as in case of a detached 
post guarding a well-defined and known objective, deception must take ita place. 
The trenches actually occupied must be so arranged as to afford concealment of the 
individual man, and dummy trenches, purposely made easily visible, may be ar- 
ranged to draw the enemy’s fire. Dummy trenches should have head cover, not 
only to make them more conspicuous but also to make it more difficult to discover 
whether they are occupied or not. They are better above and behind the occupied 
trenches, if the lay of the ground permits. The enemy will observe that fire comes 
from the ditection of the dummies and will conclude that it comes from them, Fire 
directed on the dummies will pass over the heads of the defenders, a condition pref- 
erable to shots falling short, which would be the result of dummies in front of the 
occupied trenches. 


_ When an organization is designated to a particular part of a general line the duty 
devolves upon its commander to determine what is to be donein strengthening his 
position and get the work started without delay. He will direct what clearing ia to 
bedone or accidents utilized, and whereand how the treuches are to be dug. All the 
working force available should be divided between preparation of field of fire, work- 
ing progressively forward, and the construction of cover, working generally from the 
center of the position toward the ends, and giving first attention to points where the 
least work will secure the most and bestcover. If workis interrupted by an attack, 
that which has been done will be of full use. 


24, Revetments.—A revetment is a covering or facing placed upon an earth 
slope to enable it to stand at an inclination greater than its natural inclination. 
Steep interior slopes are easier to fire over, give better cover, and increase the hori- 
zontal space available. Some revetments also increase tenacity of slopes and dimin- 
ish the injury from fire. Revetments are applied to the interior slopes or breast 
heigths of parapets for all of the above reasons and to traverses for all except the first. 


The upper parts of revetments which may be struck by shots which have pene- 
trated the cover of earth must not be made of materials of large units or which 
splinter when struck. The construction of the upper part of a revetment is often 
Teferred to as crowning. 


25. Sand-bag reyetments.—A sand bag is 33 ins. long and 14 ins. wide. In use 
it is loosely filled with earth or sand, requiring about 44 cub. ft. of earth, and having 
been placed in position is flattened with a shovel to roughly rectangular form, in 
which it fills a space about 20x 13x5 ins. The bags weigh about 62 lbs. per 100, 
aud when filled, about 65 Ibs. each. 


A sarid-beg revetment is constructed by laying the filled bags as stretchers and 
headers, or as headers alone. The top row should always be headers. The tied ends 
of headers and the seams of stretchers should be in the parapet. Sand bags give no 
splinters and are conveniently used for the entire parapet when necessary. As they 
are more readily transported than corresponding quantities of any other revetting 
material, they are of great importance in field fortification. Their perishability is a 
disadvantage, though in many soils a surface revetted with bags will stand after the 
bags have lost their strength through decay, Sand bags are so valuable for crown- 
ing and repairs, however, that the stock on hand should not be exhauated in original 
construction if anything else can be had. 


Fig. 58 indicates the appearance of a sand-bag revetment as seen from the front 
and from the end. 


Rate of working.—A squad of 6 men, 2 shovels, 1 pick, 1 bag holder, and 2 tiers 
should, in fairly loose soil, fill 150 bags an hour. 

Supposing the bags to be filled from the ditch or trench, with 10 additional men, 
6 to carry and 4 to lay, or a sqnad of 16 men all told, 150 bags per hour can be taken 
care of, making 75 sq. ft. of revetment. 


26. Sod revetment.—A convenient size to cut sods is 18x9x4¥4ins. If tongh, 
they may be cut larger, but the length should be twice the breadth. They are laid, 
Brass down, in courses, alternately all headers and all stretchers, the latter double, 
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with broken joints. A bed should be prepared at the proper inclination to receive 
the bottom course and give it the right pitch. The top course is laid grass up and 
all headers. If the sods show a tendency to slip, they may be pinned together with 
wooden pickets. 


Sod revetments will not stand quite so steep as sand bags in the same soil. It is 
usual to allow a 3 to 1 slope for sods. The revetment should be built steeper if the 
soil is such that it will stand. Wig. 54 shows an elevation and section of a sod 
revetment, 


Four sods, 18 x 9 x 4 ing., laid, make a sq. ft. of revetment, but as there is some 
wastage, 450 or more sods must be cut for each 100 sq. ft. of surface to be revetted. 
If the grass is long, it should be mowed before cutting sods. 


One man should cut 30 sods per hour, or place the same number. A sod plow will 
cut as fast as 60 men. 


If carrying is done by hand, multiply the number of sods to be moved per hour 
by the average length of carry in yds., and divide the product by 7,500 for the num- 
ber of carriers. They should work in pairs, carrying 8 sods between them. If 
wagons are available, estimate as though moving earth (see Roads, 49), taking 72 
sods to the cu. yd. Unloaders will be required, as the sods can not be dumped, say 
one man for 300 sods per hour. If ordinary sodding is to be done, for concealment 
or to prevent rain wash, use the same ratios for cutting, hauling, and laying, allow- 
ing 8 sods to the sq. yd. laid, or 9 cut. 


2%. Brush work.—Brush is used in many forme in revetting. Any kind will do, 
but the best is willow, bircb, ash, hickory, or hazel. For weaving, it must be live, 
and is most pliable when notin leaf. Split bamboo of pliable dimensions, reeds, or 
similar vegetation, may be considered as a form of brush in all revetment construc- 
tions, 


Brush for weaving should not be more than an inch in diameter at the butt. 
That to be used atraight may be of larger size. In cutting, brush should be as- 
sorted in sizes for the various uses and made up in bundles of 40 to 60 lbs., the butts 
in one direction. The range of weights is given to convey a general idea of the 
sizeof bundles. The determining condition is that each bundle shall make a gabion, 
which will soon be determined after work begins. Poles of 244 in. diam. at the butt 
or larger are not bundled but are piled together. They are used for posts, binders, 
grillage, and similar purposes. 

The amount of labor required to cut brush will vary with its character, whether 
hard or soft, crooked or straight, thick or thin. A rough average may be taken at 
6 bundles per man per hour. The men work in pairs, one cutting and one sorting, 
piling, and tying. 

For carrying by hand, multiply the number of bundles by the carry in yards 
and divide by 2,200 Yor the number of men required. If transportation is by teams, 
assume 35 bundles to equal 1 yd. and figure as for earth. 


28, A fascine is a cylindrical bundle of brush, closely bound. The usual length 
is 18 ft. and the diam. 9 ins..when compressed. Leugths of 9 and 6 ‘ft., which are 
sometimes used, are most conveniently obtained by sawing a standard fascine into 


ia pieces. The weight of a fascine of partially seasoned material will average 
bs. 


Fascines are made in a cradle which consists of five trestles. A trestle is made 
of two aticks about 644 ft. long and 3 ins. in diam., driven into the ground and 
lashed at the intersection as shown in fig. 55. In making a cradle, plant the end 
trestles 16 ft. apart and parallel. Stretch a line from one to the other over the in- 
tersection, place the others 4 ft. apart and lash them so that each intersection comes 
fairly to the line. 


To build a fascine, straight pieces of brush, 1 or 2 ins. at the butt, are Jaid on, 
the butts projecting at the end 1 ft. beyond the trestle. Leaves should be stripped 
and unruly branches cut off, or partially cut through, so that they will lie close. 
The larger straighter brush should be laid on the outside, butts alternating in direc- 
tion, and smaller stuff in the center. The general object is to so dispose the brush 
as to make the fascine of uniform size, strength, and stiffness from end to end. 


_ When the cradle is nearly filled, the fascine is compressed or choked by the fas= 
cine choker, fig. 56, which consists of 2 bars 4 ft. long, joined at 18 ins. from the 
ends by a chain 4 ft, long. The chain is marked at 14 ins. each way from the middle 
by inserting a ring or special link. To use, two men standing on opposite sides pass 
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the chain under the brush, place the short ends of the handles on top and pass the 
bars, short end first, across to each other, They then bear down on the long ends 
until the marks on thechain come together. Chokers may be improvised from sticks 
and rope or wire. 


Binding will be done with a double turn of wire or tarred rope. It should be 
done in 12 places, 18 ins. apart, the end binders 3.ina. outside the end trestles. To 
bind a fascine will require 66 ft. of wire (see Bridges, 29). 


Improvised binders may be made from roda of live brush; hickory or hazel is the 
best. Place the butt under the foot and twist the rod to partially separate the fibers 
and make it flexible. A rod so prepared ia called a withe. To use a withe, make 
a half turn and twist at the smaller end, fig. 57; pass the withe around the brush and 
the large end through the eye. Draw taut and double the large end back, taking 2 
half-hitches over its own standing part, fig. 58. 


‘When the fascine is choked and bound, saw the ends off square, 9 ina, outside the 
end binders, Aftera cradle is made, 4 men can make 1 fascine per hour, with wire 
‘binding. Withes require 1 man more. 


A fascine revetment is made by placing the fascines as shown in fig. 59. The 
use of headers and anchors is absolutely necessary in loose soils only, but they 
greatly strengthen the revetment in any case. A fascine revetment must always 
be crowned with sods or bags. 


29, In all brush weaving the following terms have been adopted and are con- 
venient to use: : 


Randing.—Weaving a single rod in and out between pickets. 
Slewing.— Weaving two or more rods together in the same way. 


Pairing.—Carrying two rods together, crossing each other in and out at each 
picket. 


Wattling.—A general term applied to the woven part of brush construction. 


30. A hurdle is a basket work made of brushwood. If made in pieces, the usual 
size is 2 ft. 9 ins. by 6 ft., though the width may be varied so that it will cover the 
desired height of slope. 


A hurdle is made by describing on the ground an arc of a circle of 8 ft. radius and 
on the arc driving 10 pickets, 8 ins. apart, covering 6 ft. out to out, fig. 60, Brush 
is then woven in and out and well compacted, The concave side of a hurdie should 
be placed next the earth. It warps less than if made flat. 


In weaving the hurdle, begiu randing at the middle space at the bottom. 
Reaching the end, twist the rod as described for a withe, but at one point only, bend 
it around the end picket and work back. Start a second rod before the first one is 
quite out, slewing the two for a short distance. Hammer the wattling down snug 
on the pickets with a block of wood and continne until the topis reached. It im- 
proves the hurdle to finish the edges with two selected rods paired, fig. 61. A pairing 
may be introduced in the middle, if desired, to give the hurdle extra endurance if it 
is to be used as a pavement or floor. If the hurdle is not to be used at once, or if it 
is to be transported, it must be sewed. The sewing is done with wire, twine, or 
withes at each end and in the middle, with stitches about 6 ins. long, as shown in 
fig. 61. About 40 ft. of wire is required to sew one hurdle, No. 14 is about the 
right size, and a coil of 100 lbs, wil) sew 40 hurdles. Three men should make a 
hurdle in 2 hours, 2 wattling and the third preparing the roda. 


31. Continuous hurdle.—If conditions permit the revetment to be built in 
place, the hurdle is made continuous for considerable lengths. The pickets may be 
larger; they are driven farther apart, 12 or 18 ins., and the brush may be heavier. 
The construction is more rapid. The pickets are driven with a little more slant 
than is intended and muat be anchored to the parapet. Aline of poles with wire 
attached at intervals of 2 or 3 pickets will answer. The wires should be made fast 
to the pickets after the wattling is done. They will interfere with the weaving if 
fastened sooner. Two men should make 4 yds. of continuous hurdle of ordinary 
height in one hour. 


32. Brash reyetment.—Pickets may be get as above described and the brush laid 
inside of them without weaving, being held in place by bringing the earth up with 
it. In this case the anchors must be fastened before the brush laying begins. The 
wires are not much in the way in this operation. 
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33. Gabion making.—A gabion is a cylindrical basket with open ends, made 
of brush woven on pickets or stakes as described for hurdles. The usual size is 2ft. 
outside diam. and 2 ft. 9 ins, height of wattling. On account of the sharp curvature 
somewhat better brush is required for gabions than will do for hurdles. 


The gabion form, fig. 62, is of wood, 21 ins. diam., with equidistant notches 
around the circumference, equalin number to the number of pickets to be used. 
usually 8 to 14, less if the brush is large and stiff, more if it is small and pliable. 
rhe me artes beg ots it that the pickets will project to 1 in. outaide the 
circle. e pickets should be 114 to 134 ins. diam., 3 ft. 6 ins. long and sh 
half at the small and half at the large an ‘ wien: 


To make a gabion, thé form is placed.on the ground, level or nearly ad, and 
the pickets are driven vertically in the notches, large and small ends down, alter- 
nately. The form is then raised a foot and held by placing a lashing around outside 
the pickets, tightened with a rack stick, fig. 63. The wattling is randed or slewed 
from the form up. The form is then dropped down, the gabion inverted and the 
wattling completed. If the brush is small, uniform, and pliable, pairing will make 
a better wattling than randing. If not for immediate use, the gabion must be sewed 
as described for hurdles, the same quantity of wire being required. 


The gabion, when wattled and sewed, is completed by cutting off the tops of the 
pickets 1 in. from the web, the bottom 3 ins., the latter sharpened after cutting, and 
driving a carrying picket through the middle of its length and alittle on side of the 
axis. See that the middle of this picket is smooth. Three men should make a 
gabion in an hour. : 

Gabions may be made without the forms, but the work is slower and not so good. 
The circle is struck on the ground and the pickets driven at the proper points. The 
weaving is done from the ground up and the entire time of one man is required to 
Keep the pickets in proper position. 

If brush is scarce, gabions may be made with 6 ins. of wattling at each end, the 
middle left open, In filling, the open part may be lined with straw, graas, brush 
cuttings, or grain sacks, to keep the earth from running out. 


34. Gabion revetment.—The use of gabions in revetments is illustrated in fig. 
65, If more than two tiers are used, the separating fascines should be anchored 
back. Gabiou revetments should be crowned with sods or bags. : 


The advantages of the gabion revetment are very great. It can be put in place 
without extra labor and faster and with less exposure than any other. It is self- 
supporting and gives cover from view and partial cover from fire quicker than any 
other form. 

Several forms of gabions of other material than brush have been used. Sheet 
iron and iron and paper hoops are some of them. Theiron splinters badly, is heavy, 
and has not given satisfaction. If any special materials are supplied the method of 
using them will, in view of the foregoing explanation, be obvious. 


35, Timber or pole revetment.—Poles too large for use in any other way may 
be cut to length and stood on end to form a revetment, The lower ends should be 
in a small trench and have a waling piece in front of them. There must also be & 
waling piece or cap at or near the top, anchored back. Fig. 66 shows this form. 


36. Miscellaneous revetments.—Any receptacles for earth which will make a 
stable, compact pile, as boxes, baskets, oil or other cans, may be used fora 
revetment. Barrels may be used for gabions. Canvas stretched behind pickets 
is well theught of in a foreign service. Lf the soil will make adobe, or sun-dried 
bricks, an excellent revetment may be made of them, but it will not stand wet 
weather. : 


37. Execution of fieldworks.—Tracing is the operation of marking on the 
-ground the lines which determine the horizontal limits of cutting and embankment. 
Profiling is the operation of indicating the actual positions of such lines and slopes 
as are necessary to determine the proper sectional dimensions of trench, ditch, and 
parapet. : 

Tracing and profiling are not independent operations. The trace depends upoR 
the profile and ie profile upon the trace. They willbe considered together under 
one title. For shelter trenches the profile is standardized, and the proper parapet 
results from the excavation of the necessary trench. The trace may be roughly 
determined as circumstances permit. Tbe alignment of a line of skirmishers will do, 
if nothing better is possible. Heavy works will not often be built under fire, but if 
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they are, the same rules must govern. For such works, executed deliberately, the 
following plan may be followed: 


The first step is to mark on the ground the projection of the interior crest, some- 
times called the firing crest. It may be marked continuously by stretching a line 
or by scratching the surface with a pick, or at intervals of a few feet by small pegs 
set to a line or ranged in. 


The second step is to determine the command or height of the interior crest 
above the natural ground at as many points as the variation of the surface may 
make necessary. The thickness of the parapet having been assumed, the area of 
the parapet section and its ruling dimensions result. 


The third step is to complete the profile by determining the depth and width of 
trench and of the ditch if there is to be one. 


The fourth step is to mark on the ground, parallel to the interior crest and at 
proper distances from it, the edges of ditch and trench and the exterior crest. This 
marking is best done with pegs at 5 ft. interval or such other as may be allotted for 
each man’s task. 


The fifth step is to indicate the actnal position of interior and exterior cresta by 
setting up stakes of sufficient height to mark on each the height of the line. 


The third of the foregoing steps is the only one which presents any difficulties. 
Table I gives areas of parapet sections for certain heights or commands, h, and 
thickness of parapet, s, on the supposition that the ground is level, the exterior 
slope and tho interior or breast height slopes, each 1 on 1, and the superior slope 1 
on 6, The assumed breast height slope gives a surplus of earth, increasing with the 
height. For low parapets it is not material; for high ones it supplies earth for a 
banquette. If the site slopes to the front, increase the area by the percentage for 
the corresponding slope at the right of the table. If the slope is to the rear, decrease 
the. tabular area by the same percentages. Having the area of tho parapet, the 
dimensions of the trench, or of the trench and ditch together, must be so taken as 
to give at least an equal area, and preferably, not much more. 


If h+s is not more than 8 ft., the entire parapet can be built from a trench at a 
single cast. If h-+s is greater tban 8 ft. and not more than 16 ft., the entire para- 
pet can he built from a trench and a ditch at one cast. If h+s is greater than 
16 ft., some of the material must be transported or rehandled, no matter where it is 
obtained, though the labor in any case will bo less if both trench and ditch are dug 
than if either one alone is relied upon. Time also is saved by working from both 
sides, not only because the labor is reduced, but principally because more men can 
be employed simultaneously. 


_ 38. Working parties should be made up, so far as possible, of entire organiza- 
tions. A battalion should be ordered to send one, two, or three companies; & regi- 
Inent, one or two battalions; and a brigade, one or more regiments. 


The party is divided into two or more reliefs, and here also the principle of keep- 
ing organizations intact applies, Ifa regiment is to be used in three reliefs, each 
should consist of an entire battalion. This should be adhered to even if it makes 
reliefs of somewhat unequal strength. The total number of privates should be 44 
more than the number of men that are to be worked simultaneously. 


Reliefs are regulated by work rather than by time. The amount of work to be 
done by each relief must be plainly indicated and the officers and noncommissioned 
officers of each organization are responsible that their men do the quantity of work 
rene them. As soon as any organization has completed its work, it should be 

ismissed, 


39. To place a relief on the work, the organizations comprising it approach the 
tools in column of files, rifles slung, pase between the piles of tools, shovels on the 
right and picks on the left. Engineer soldiers at each pile hand tools to the men as 
they pass, each man taking a shovel in his right hand and a pick in his left. The 
corporal or squad leader places himself alongside the rear file of his squad and one of 
them takes a pick and the other a shovel. 


Proceeding in suitable formation to one flank of the line and approaching it in 
column of files, the head of the column parallel to and about 3 yds. in rear of the 
rear cutting line, the column forms in line to the flank at 5 ft. intervals, the corporal 
and the rear file of each squed falling out and taking postin rear of the squad. The 
interval is most conveniently maintained by having the men extend the arms hori- 
zontally and touch hands. “Each organization is assigned to a particular part of the 
line and goes to it and deploys independently of the rest. If the line is long, guides 
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should be furnished to direct the head of each column to the point where its deploy- 
ment is to begin. At night guides must always be furnished, 

As the men are posted, each lays his shovel 5 it. behind the cutting line, parallel 
to it, and drives his pick into the ground on the line at the left side of his task 
Riflea and equipment are removed and placed three paces in the rear, butts of guns 
to the front. The corporal or squad leader and the last file of the squad take their 
places in rear of their respective squads and place their equipments in the line with 
the rest, The corporal acts as superintendent or foreman of the squad during the 
work and number 8 is a reserve to be put in when necessary to expedite the work 
of the squad or to take the place of a man who is obliged to fall out for any cause, 


40. Tasks.—The capacity of the average untrained man for continuous 
digging does not much exceed 80 cu. ft. for easy soil; 60 cu. ft. for medium, and 40 
cu. ft, for hard soil. He will do 34 of this in the first hour, 5¢ in the firat two hours, 
and the other 34 in another two hours, making an hourly average of af Of the task 
for the first, and 4, for the second 2 hours. In addition to the fact that he works 
but a little over half as fast in the second 2 hours, four hours’ work will leave him 
unfit for fighting or marching, while after two hours’ work he should be ablo to do 
either. The quantity of work assigned to each relief should be that which can 
probably be done in 2 hours, and the relief is required to finish it and no more, 
whether it takes less or more time. For the first work, the soil ia apt to be loose and 
the lift is less, so that a slightly greater task should be given to the first relief than 
to the second. Assuming men at 5 ft. intervals and neglecting fractions, the num- 
ber of hours’ work required to throw up a parapet is the section of the parapet in sq. 
ft. divided by 5 for easy; 4 for medium, and 214 for hard soil. 


Determination of task.—The length over which each man works is suttled when 
the intervals are assigned for the deployment. The individual task is the width 
and depth of excavation, which, carried over this length, will make the volume cor- 
responding to 2 hours’ fair average work. When either width or depth is deter- 
mined, or assumed, the other results. 


The task of the relief is defined when the width and depth of cut are stated or 
robe on a profile. As a rule, the lines dividing tasks should be horizontal or 
nearly go. , 


41. Double gangs.—When men are plenty, tools scarce, or time presses, a task 
may be completed in about 24 of the ordinary time by detailing two men at each set 
of tools. In this case the organizations march to the tools in columns of twoa, the 
right file taking shovels and the left file picks. The two gangs change off at fre- 
quent intervals and the men work as rapidly as possible. 


42. Changing reliefs.—EKach man of the first relief, as he completes his task, 
cleans the tools and lays them down as at first. The relief is then moved to the rear, 
the men resume their arms and equipments and are formed in column and march 
off. As soon as they are out of the cut the succeeding relief may enter at one end 
and form line to the flank, each man taking his place at the first set of tools he 
comes to. 


43. Example.—Let it be required to design and construct 100 ft. of the front 
parapet of an inclosed work to resist siege guns at long range, sited on ground slop- 
ing 1 on 12 to the front, soil easy, materials procurable for revetting and cover, and 
9 hours’ time available. 

Command.—Determine by trial the least height above the ground along the 
crest at which the foreground can be seen and swept by fire, par. 20. This is the 
command or height of parapet. Assume it for this case at 6 ft. 


Thickness and relief of parapet.—As the severest fire is that of siege guns at 
long range, the minimum thickness for such guns will answer. Assume it at 10 ft. 
The long-range fire will have a high angle of fall, which calls for good interio’ 
relief or vertical cover and ample overhead cover. . 


The area of parapet for 6-ft. height, 10-ft. thickness, is, from Table I, 78 aq. ft” 
Add for 1 on 12 slope 8%, giving 85.1 sq. ft., or, for convenience, 85 sq. ft, This 
divided by 5, the factor for easy soil, gives 17 hours’ work from one side; but as 
h +s=16 ft., the work should be done from both sides, and 84 hours are required 
for a single relief, or a trifie under 6 hours for double reliefs. The time limit of 9 
hours permits a single relief. 

Overhead cover.—One hundred feet of parapet will be defended by 65 men, for 
whom 12 aq. ft. per man of overhead cover should be provided, or 7.8 sq. ft. per 
linear ft. of crest. This being too much, assume 6 sq. ft. per ft. of crest, giving cover 


FIELD FORTIFICATION. 379 


for 50 men, This gives 6 ft. as the width of the cover. Cover for the remaining 15 
men must be provided in rear of the trench. The cover along the parapet may be on 
the front edge of the ditch. As there will be a banquette 114 ft. above ground level, 
this may be continued to the rear to form the overhead cover. Allowing 134 ft. for 
thickness of earth and brush and 434 ft. headroom, the floor of the shelter will be at 
(4.5) ft, and the bottom of the trench may be at (— 6ft.), giving 12 ft. total vertical 
cover, The area of the profile under the cover will be 444 X 6 = 27sq.it. The part 
of the trench in rear of the cover should be 3 ft. wide at the bottom, or say 4 ft. wide 
at mid-depth. At 6 it. depth its area will be 24 sq. ft., which, added to the 27 ft. 
deduced above, gives 51 sq. ft. total trench area, leaving 34 sq. ft. for the ditch, which 
may be assumed at 914 ft. top width and 4 ft. deep. The profile which results from 
these assumptions and deductions is shown in fig. 67. 


Four reliefs-should be provided, Thirty per cent of the digging may be assigned 
to the first relief, 25% each to the second and third, and 204 to the fourth, which 
will work in the trench only, and will have to build the overhead cover and rehandle 
its earth. Lines which apportion the tasks as indicated are shown on the profile. 
The first relief in the trench would be ordered to dig 914 ft. wide on top and 1}, ft. 
deep. The first in the ditch 114 ft. deep, etc. ; 


The revetment will be of gabions. If they have not been made beforehand 
they and the fascines should be on the ground within 3 hrs. and the brush and 
poles for splinter proofs should be on the ground within 5 hrs. after work begins. 
Fifty gabions and 6 fascines are required. Assume that they are made 600 yds. from 
the work and carried by hand. To make and deliver 50 of them in 3 hrs, would 
require 3 men to cut brush, 50 men to make, and 17 x 600 = 2,200 = 5 men to carry, 
a total gabion party of 58 men. To make and deliver the 6 fascines in 3 hrs. will 
require 2men to cut brush, 8 men to make, using 2 cradles, and 5 men to carry, a 
total of 13 men for the fascine party,.or 68 +.13= 71 for the brush. The same party 
can cut and carry the brush for the overhead cover between the third and fifth 
hours. A company would likely be assigned to this work. 


The total force required to construct the parapet in less than 9 hrs, will be— 


Excavation and embankment, 4 reliefs of 40 men each __________ 160 men. 
Revetment and cover, I relief of____---_.__. -.-.---.------------ 71 men. 
Total 0. Soe co fa ea ae re 231 men. 


44, Traverses.—The protected area in rear of a parapet as determined for a 
shot grazing ana perpendicular to the crest, is reduced fora grazing shot with the 
same angle of fall coming at an angle to the crest. If a straight shot will cleara 
man’s head at a certain distance back, oblique shots with the same angle of fall will 
clear a man at 90% of that distance for an angle of 26° with the perpendicular; 85: 
for 32°, and 80% for 37°. At 37° the distance is decreasing at the rate of 14 for eac: 
deg, For enfilade and reverse fire the parapet gives no cover at all. 


To secure sufficient protection against very oblique, enfilade, or reverse fire, masks 
must be introduced to intercept such shots before they fall below the plane of desired 
protection, Such masks are called traverses. To those which are designed to 
intercept reverse fire, and which are mainly parallel to the parapet which they 
shelter, the name parados is given. The word traverse usually indicates a mask 
making an angle with the parapet which it protects and joined toit. Traverses 
may be of any available horizontal or overhead cover, but are usually topped with 
earth. They are revetted to make them take as little space along the parapet as 
possible, except that between guns there is sometimes room for earthen traverses 
with sloping sides. As the lower part can not be reached by fire, it need only form 
a support for the top and is often a good place to provide magazine or shelter. space. 


Distance between traverses.—The effective distance is the interval between 
the crest of one traverse and the adjacent face of the next. If the crests of the 
traverses are at the same elevation as the crest of the parapet, a distance between 
traverses of 0.43 of the width of protected area, for direct fire, preserves 90% of that 
width; 0.52, 85%, and 0.6, 804. 

If thé crests of the traverses are raised above the crest of the parapet, the cis- 
tance between traverses may be increased by the excess height multiplied by the 
assumed angle of fall, without reducing the width of the protected area, fig. 71. 
Fig. 72 shows a plan and side elevation of a raised traverse, with reference to its 
connection with the parapet. The full lines show relations when the crest of the 
traverse ends at the interior crest, and the broken lines indicate the arrangement 
when the crest of the traverse extends beyond the interior crest. Care must be 
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taken that raised traverses do not make the position conspicuous. Traverses must 
be at least as long as the width of protection they are to give, and should be 
somewhat longer, 


Profile of traverses.—The cross section of a traverse should be as nearly a rec- 
tangle as possible. The vertical sides give the maximum thickness with the minimum 
space, and the flat top gives a crest on each face and increases the interval by half 
the thickness, fig. 69. If exposed on one side only the profile in fig. 70 is snitable, 


A traverse may be used asa firing parapet by providing a banquette or steps at 
the proper height. 


Types of traverses.—A trench may be traversed by making an offset to the 
rear, as shown in fig. 73, and throwing up a bank of earth on the block left. Fig. 74 
shows a form of double traversing. The long high traverses afford protection to men 
not firing, and the short traverses give increased protection to the more exposed 
space near the interior crest, For high traverses, the object should be to get a sup- 
port up to the height where exposure to fire begins with the least time and labor. 
If the structure can be made hollow, so much the better. An elevated platform of 
planks, supporting a parapet of earth, revetted with sods or sand bags, will make a 
good traverse. If earth is the only material available, the entire traverse will be 
revetted, figs. 68 and 69. Below the plane of fire, any revetment may be used; 
above, only those which have been described for crowning a parapet revetment 
should be employed. 


45. Stockades,—A stockade is an improvised bullet-proof wall or screen, usually 
adapted to defense by rifle fire. As compared with a parapet, the advantages of a 
stockade are that it combines obstacle and parapet, gives good cover and ample 
interior space, and the labor of construction increases less rapidly with the height. 
The asa yanteges are the uncertainty of procurement of suitable material, the 
labor of construction, which is greater than for a parapet, except for considerable 
heighta, and that most forms of stockades afford no cover, and the best of them only 
temporary cover, from artillery. 


Construction.—tThe simplest form consists of a closed barricade of timbers loop- 
holed and reenforced by earth, fig. 76. The inner embankment forms a banquette, 
The outer one fills the dead angle at the foot of the wall and is some protection 
against artillery fire. It makes a stockade easier to scale, but if the slope is steep 
and the tops of the timbers properly prepared by driving spikes or stringing barbed 
wire, the effect in that direction is small. 

A single row of timbers affords too little protection unless they are squared or 
great pains taken to keep close joints. A double row, fig. 79, or if the logs are good 
size and workable, an arrangement of half timbers, fig. 80, gives the same cover 
with much legs labor. Loopholes may be formed as indicated. They must be high 
enough so that the enemy can not fire through them when he comes to close quar- 
ters. Six feet above the ground is considered high enough. : 


A single row of timbers may be used as the front of two thin walls, the space 
between to be filled with earth or broken stone, fig. 75, or both walls may be alike, 
and of brush, plank, fascines, or sheet iron, fig. 78, arth filling should be 2 ft. 
thick; stone filling 6 to 16 ins. 

.Tn all such constructions the two walls must be tied together at frequent intervals 
to resist the pressure of the filling. Wire is a very convenient material for such 
use, If T rails are available, an excellent stockade may be made as shown in fig. 81. 


46. A blockhouse is a room or small building with bullet-proof walls, weather- 
proof and fireproof roof, loopholed for infantry, often for machine guns, and some- 
times for light quick-firing guns. The walls may take any of the forms described 
for stéckades, or may be of masonry. The roof will usually be of tin or sheet iron. 
If exposed to plunging fire, the roof may take the form of light overhead cover, 
and to promote the comfort of the garrison during long occupancy an ordinary 
roof may be placed over the earth, or it may be covered with canvas, or thatched, or 
made to turn water in any practicable manner. Figs. 82 to 85 and 89 show types of 
blockhouses. In fig. 85 the house provides 2 tiers of fire. : 


Extensive use was made of blockhouses by the British in South Africa, Some, at 
important points, were of masonry, presenting no unueual features. By far a 
greater number were of double skins of corrugated iron, filled between with broken 
stone, The first built were about 10 x 15 ft. in plan with the akins on eeperale 
frames or supports 2 ft. apart. Then an octagonal form was introduced with bo 
skins on the same frame, leaving but a few inches between them. A difficulty ex- 
perienced with this form was that a shot striking opposite a timber of the frame 
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would penetrate the entire structure, as it would encounter no stone, A construc- 
tion permitting stone to be placed behind each timber in the path of a shot passiug 
through it was introduced, but was complicated and difficult, The final and most 
satisfactory design was circularin plan. A corrugated-iron drum 1344 ft. in diam, 
and 3 ft. 11 ins. high was set on level ground and a parapet of stone, 3 ft, thick at 
bottom and 2 ft. at top, wae built around it on the outside. On this parapet was 
placed a shield consisting of an inner drum of corrugated iron 15 ft, in diam. and an 
outer one 16 ft. in diam., each 2 ft. 3ins. high, and kept at uniform distance by 
spacing blocks at the top, 


The loopholes, 12 in number, of sheet iron of the double-hopper type, with throats 
6 ins. high by 3ins. wide, were placed in the shield, the bottoms 4 ft. 3 ins. from the 
floor. The space between the skins of the shield was filled with closely packed 
broken stone. It was found necessary to provide for adding stone under the loop- 
holes to replace settlement, An octagonal frame rested on top of the shield and was 
bolted to the spacing blocks, ita alternate sides extended to complete a square on 
which a pitch roof was built. A canvas roof, supported by a pole, like a conical tent 
was used in some cases. 


A small openitig on one side, large enough for a man to crawl through, was closed 
by an iron door under the outer drum of the shield. There was also a removable 
barrier of the same conatruction as the shield, which stood against the opening in 
the drum of the parapet. 


A trench 414 ft. deep was dug 2 to 5 yds. outside the blockhouse and a wire en- 
tanglement was constructed outside the trench. Such blockhouses were sometimes 
built at the rate of 6 a day by a party of 30 men. Nearly 400 of these were erected, 
most of them in a single month. 


41. Flanking defenses.—Dead angles in front of a defensive structure may be 
swept longitudinally or parallel to the firing crest to prevent their being used as a 
rallying place by the assailants. Such fire is usually directed along the front from 
one of the flanks and is called flanking fire. The structures built for this purpose 
are called flank defenses. 


A caponiere or tambour is a small, low, stockaded inclosure or blockhouse situ- 
ated to fire along a dead angle. If it can be placed at the intersection of two dead 
angles, it may sweep both. At the foot of a wall a stockade open at the top may be 
used, if its floor must be at ground level, which will be the case on rock or marsh, 
though a weatherproof cover will generally be desirable, fig. 87. If the floor can be 
sank below the ground level, a bullet-proof roof is necessary, fig. 88. In a ditch, 
the structure should be sunk so that the roof will be below ground level and the top 
should be of overhead cover. It must not extend entirely across the ditch, or if it 
does, or nearly so, it must be obstructed so that it can not be used as an approach. 


There mu’t be communication through and under the parapet or wall, so that the 
defenders in the tambour can escape into the interior at the last. 3 


48. A ditch may also be flanked bya counterscarp gallery, which is a bomb- 
proof chamber formed behind or outside of the counterscarp at the salient of a par- 
apet, fig. 86. The side toward the ditch is stockaded and loopholed for fire along the 
ditch. The entrance must be on the ditch side and protected from fire. The garri- 
Ba ine a counterscarD gallery will usually have no communication with the interior 
of the work, 


49. Obstacles are designed to protect the works from surprise and to reduce the 
momentum of attack by breaking up the enemy’s formation and holding him under 
the accurate fire of the defense. They should be invisible from the direction of 
approach, should be difficult to destroy, and should afford no screen or cover 
to the enemy. 


Obstacles may be in front of or on the line of defense. In the former case they 
should be 50 to 100 yds. in front of the firing crest. If on the line, they are in the 
ditch, if there is one, or are employed to close intervals and are flanked or enflladed 
by adjacent works. 


_ 50. Abatis consists of trees lying parallel to each other with the branches point- 
ing in the general direction of approach and interlaced. All leaves and small twigs 
should be removed and the stiff ends of branches pointed. 


Abatis on open ground is most conveniently made of branches about 15 ft. long, 
The branches are staked or tied down and the butts anchored by covering them 
with earth, Barbed wire may be interlaced among the branches. Successive rows 
are placed, the branches of one extending over the trunks of the one in front, so as 
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to make the abatis 5 ft. high and as wide as desired It is better to place the abatis 
in a natural depression or a ditch, for concealment and protection from fire. If ex- 
posed to artillery, an abatis must be protected either as above or else by raising a 
glacis in front of it. Fig. 90 shows a typical form of abatis. An abatis formed by 
felling trees toward the enemy, leaving the butt hanging to the stump, the branches 
prepared as before, is called a slashing, fig.91. It gives too much cover, and should 
be well flanked. 


51. A palisade is a man-tight fence of posts, Round poles 4 to 6 ins. in diam. at 
the large end are best. If the sticks run 5 to 8 ins., they may be split. If defended 
from the rear, palisades give some shelter from fire and the openings should be made 
as large as possible without letting men through. If defended from the flank, they 
may be closer, say 3 to 4 ins. apart. The top should be pointed. A strand or two of 
barbed wire.run along the top and stapled to each post is a valuable addition. 


Palisading is best made up in panels of 6 or 8 ft. length, connected by a waling 
piece, preferably of plank, otherwise of split stuff. If the tops are free, two wales 
should be used, both underground. If the tops are connected by wires, one will do, 


Palisades should be planted to incline slightly to the front. As little earth should 
be disturbed in digging as possible, and one side of the trench should be kept in the 
desired plane of the palisade. If stones can be had to fit between the posts and the 
top of the trench, they will increase the stiffness of the structure and save time in 
ramming, or a small log may be laid in the trench along the outside of the posts. 
Figs. 92 and 93 show the construction and placing of palisades. 


62, A fraise is a palisade horizontal, or nearly so, projecting from the scarp or 
counterscarp. A modern and better form cunsists of supports at 3 or 4 ft. interval, 
connected by barbed wire, forming a horizontal wire fence, fig. 94, 


58. Cheveaux de frise are obstacles of the form shown in fig. 95. They are 
usually made in sections of manageable length chained together at the ends. They 
are most useful in closing roads or other narrow passages, as they can be quickly 
opened for friendly troops. The lances may be of iron instead of wood and rectungular 
instead of round; the axial beam may be solid or composite. Figs. 96 and 97 show 
‘methods of constructing cheveaux de frise with dimension stuff. 


64, A formidable obstacle against ‘cavalry consists of railroad ties planted at 
intervals of 10 ft. with tbe tops 444 ft. above the ground, and connected by a line of 
rails spiked securely to each, fig. 98. The rail ends should be connected by fish plates 
and bolted, with tho ends of the bolts riveted down on the ends. 


Figs. 99 and 100 show forms of heavy obstacles employed in Manchuria by the 
Ruasians and Japanese, respectively. The former is composed of timber trestles, 
See in rear and carried out at night. The latter appears to have been planted in 
place. 


55. A wire entanglement is composed of stakes driven in the ground and con- 
nected by wire, barbed is the best, passing horizontally or diagonally, or both. The 
stakes are roughly in rectangular or quincunx order, but slight irregularities, both 
of position and height should be introduced. 

In the high entanglement the stakes average 4 ft. from the ground, and the 
wiring is horizontal and diagonal, fig. 101. 

The low wire entanglement has etakes averaging 18 ins. above the ground and 
the wire is horizontal only. This form is especially effective if concealed in high 
grass, In both kinds the wires should be wound around the stakes and stapled and 
passed loosely from one stake to the next. When two or more wires cross they 
should be tied together. Barbed wire is more difficult to string but better when 
done. The most practicable form results from the yse of barbed wire for the hori- 
zontal strands and smooth wire for the rest. ; 

This is the most generally useful of all obstacles because of the rapidity of construc- 
tion, the difficulty of removal, the comparatively slight injury from artillery fire, 
and its independence of local material supplies. 

Time and materials.—One man can make 10 eq. yds. of low and 3 sq. yds, of 
high entanglement per hour. The low form requires 10 ft. of wire per aq. yd. and 
the high 30 ft. No. 14 isasuitable size. The smooth wire runs 68.9 ft. to the Ib.. 
A 100-Ib. coil will make 600 sq. yds. of low or 200 sq. yds. of High entanglement. 
If barbed wire is naed, the weight will be about 24 times as much. 


.56. Wire fence.—An ordinary barbed-wire fence is a considerable ovatacle if well 
swept by fire. It becomes more formidable if a ditch is dug on one or both sides to 
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obstruct the passage of wheels after the fence has been cut. The fenceis much more 
difficult to get through if provided with an apron on one or both sides, inclined at 
an angle of about 45°, as indicated in figs. 102 and 103. This form was much used 
in South Africa for connecting lines between biockhouses. When used in this way 
the lines of fence may be 300 to 600 yds. long, in plan like a worm fence, with the 
blockhouses at the reentrant angles. Fixed rests for ritles, giving them the proper 
aim to enfilade the fence, were prepared at the blockhouses for use at night. 


Such a fence may be arranged in many ways to give an automatic alarm elther 
mechanically or electrically. The mechanical forms mostly depend on one or more 
single wires which are smooth, and are tightly stretched through staples on the 
posts which hold them loosely, permitting them to slip when cut and drop a counter- 
weight at the blockhouse, which in falling explodes a cap or pulls the trigger of a 
rifle, 


57. Military pits or trous de loup are excavations in tbe shape of an inverted 
cone or pyramid, with a pointed stake in the bottom. They should not be so deep as 
to afford cover to the skirmisber. Two and one-half feet or less is a snitable depth. 
Fig. 104 shows a plan and section of such pits, 


They are usually dug in 3 or 5 rows and the earth thrown to the front to form a 
glacis. The rear row is dug first and then the next in front, and so on, so that no 
earth is cast over the finished pits. 


An excellent arrangement is to dig the pita in a checkerboard plan, leaving alter- 
nate squares and placing a stake in each of them to form a wire entanglement, fig. 105, 
One man can make 5 pita on a 2-hour relief. 


58, Miscellaneous barricades.—Anything rigid in form and movable may be 
used to give cover from view and fire and to obstruct the advance of an assailant, 
Boxes, bales and sacks of goods, furniture, books, etc., have been so used. The 
principles above stated for other obstacles should be followed, so far as the character 
of the materials will permit. The rest ingenuity must supply. Such devices are 
usually called barricades and are useful in blocking the streets of towns and cities. 


59. Inundations.—Backing up the water of a stream so that it overflows a con- 
siderable srea forms a good obstacle even though of fordable depth. If shallow, the 
difficulty of fording may be increased by irregular holes or ditches dug before the 
water comes up or by driving stakes or making entanglements. Fords have fre- 
quently been obstructed by ordinary harrows laid on the bottom with the teeth up. 


The unnsual natural conditions necessary to a successful inundation and the extent 
and character of the work required to construct the dams make this defense of excep- 
tionaluse. It may be attempted with advantage when the drainage of a considerable 
flat area passes through a restricted opening, as a natural gorge, a culvert, or a 
bridge. 

Open cribs filled with stones, or tighter ones filled with gravel or earth (see 
Bridges, 71), may form the basis of the obstruction to the flow of water. The usual 
method of tightening cracks or spaces between cribs is by throwing in earth or alter- 
nate layers of straw, hay, grass, earth, or sacks of clay. Unless the flow is enough 
to allow considerable leakage, the operation will not be practicable with field 
resources. A continuous construction, shown in section in fig. 106, is frequently 
employed. The ends of the dam must be carried well into the earth to prevent the 
water from cutting around them. 


When the local conditions permit water to be run into the ditch of a parapet it 
should always be done. 


60. Accidental cover includes accidents of the terrain not of natural origin, 
which can be used to advantage as cover from view and fire. Such are walls and 
other inclosures, buildings, cuttings, embankments, etc. 


All these require preparation to better subserve their purpose. The application 
of the foregoing principles to such conditions is sufficiently indicated by the illustra- 
tions. The preparation has mainly to do with the defensive adaptation of the cover 
by providing for fire from it. 

Fig. 107 shows the preparation of a wall less than 4 ft. high, for asingle tier of fire. 
Fig. 108, the same for a wallé ft. high. Fig. 109, the aame for a wall 7 ft. high. 
Fig. 110, a wall 9 ft. high for two tiers of fire, one standing and one lying. Fig. 111, 
the same for one tier stauding and one kneeling. 


Fig. 112 shows the treatment of a hedge which screens tbe parapet from view, 
holda the exterior slope at a steep pitch, and forms an excellent head cover. 
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Fig. 113 shows the best method of preparing a low embankment and fig. 114 a 
high one. 


Fig. 115 shows three methods of treating a railroad cut; one by a tier of fire on the 
lower side, another by a tier of fire on the upper side, and the third by a firing creat 
on the track. Retreat from the first and advance from the second are obstructed 
by the cut itself. Both may be used, the fire of the rear line covering the retreat of 
the front one. Care must be taken that the rear line can not shoot into the 
forward one. 


61. Buildings if exposed to artillery are untenable, but against riffe fire are made 
defensible hy burricading all windows and doors, except one for ingress and egress on 
the most sheltered side, and providing loopholes. 


Barricades for doors and windows may be of solid materials, such ag timber, iron, 
brick, stone, of stockade construction, par. 45, or of hollow articles of any kind which 
will form receptacles to retain earth or other bullet-proof filling. Articles of furni- 
ture, trunks, baskets, and barrels may be mentioned (see also Revetments), Bags 
are useful here as everywhere, 


A house of stone or brick will give some protection from fire. A wooden house 
gives protection from view only, unless time suffices to stockade the walls. Care 
must be taken not to exclude too much light. Openings in partitions should be 
enlarged and additional ones made to give the freest possible communication. 
Hatches should be cut through the floors and roof to give free escape of smoke and 
gases, 


Loopholing is done as already explained, par. 13. The loopholes should not, as a 
rule, be less than 4 ft. apart in the same tier. They should be arranged to concen- 
trate fire in front of doors or accessible windows. Doors should be further strength- 
ened by barricades across the spaces into which they open. 


If bay windows or other projections are available, they may be utilized for 
flanking fire. The loopholes for them may well be near the ground so that a tier 
for other fire can be placed above them. 


As soon as the barricades and necessary banquettes are finished all other com- 
bustible material should be removed and a supply of earth and water for fire fighting 
should be placed at convenient points. Stores and ammunition are also brought 
in’ and disposed of in suitable places. A space as secure as possihle from fire should 
be set apart and prepared as a hospital; and latrines must also be arranged for. 


_The defensive preparation will depend much on whether the house ig to stand 
an actual assault, or only to afford an advantageous cover for fire upon the enemy 
while approaching. Tbis should be determined and announced when the order to 
occupy the house is given. If the building is to be held to the last, a good flank de-~ 
fense must be arranged and the interior walls must be loopholed and arrangements 
made to quickly barricade interior openings, so that a fighting retreat may be made 
from room to room. 


In addition to tambours and caponieres, par. 47, flanking by vertical fire may be 
accomplished, as shown in fig. 116. Such a construction is called a machicoulis 
gallery, Fire from such a gallery is not very effective and will usually not be 
worth the trouble of preparing for it. Hand grenades, small enough to be pushed 
through the loopholes, will be equally effective. 


62. While the defensive preparation of the building is in progress the adjacent 
ground miust be cleared of all obstructions to fire and such obstacles as are pos- 
sible constructed. *Good obstacles make flank defense much Jess necessary, except 
for houses to be held as long as possible regardless of losses. 


63. Groups of buildings, such as villages, may be made the cover for a very 
stubborn defense. A number of them, sufficient to accommodate the desired garri- 
son, of most substantial construction and so situated as to flank each other, are 
felected and treated as above described. The rest must be torn down or burnt to 
clear the ground. 


64. General considerations.—Tho foregoing paragraphs involve the general 
supposition that the best is attainuhle. In actual service this will not often be the 
case, War does not usually permit sandpapering and polishing. The main thing is 
to get some substantial result and get it quickly. The military engineer, considering 
projects for field fortification, mnst reckon with four imperative limitations—lack of 
time, lack of men, lack of tools, and lack of materials, Each of these tends to defeat 
his object of doing the very best thing and compels him to work out a schemo which 
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goes as far in that direction as his limitations permit. The best is to be kept in view 
_ always to steady the aim even if it can not be reached. 

The first move should be to take account of stock by finding ont what time is 
allowed, what force is available, what tools are on hand, and what materials can be 
procured. The relative quantities and numbers hereinbefore given are to be con- 
fpidered as minima. Every effort should be made to get at least that number, and by 
all means get more if possible, especially of men. The more men the easier the 
work of each and the better condition all will be in when the work is finished. 
Manual labor for soldiers in the field is a necessary evil at best and should always be 
minimized. 

Knowing from the time, force, tools, and materials to be had what can be done in 
the aggregate, lay out a scheme within the limits, following such of the preceding 
principles as are fundamental and slighting as much as may be necessary those which 
are secondary only, An incomplete or emergency scheme leaves some risk uncov- 
ered. Decide which is the least probable risk and economize time and labor in that 
direction. 


65. Sieges,--The attack by regular approaches of a strongly fortified place in- 
volves mainly the principles and devices previously discussed, but their employment 
is under conditions so different from those resulting from the contact of two mobile 
forces as to require separate treatment. What follows is not a complete presentation 
of the subject of sieges, but only of such features as are concerned with engineering 
duties on the side of the attack. 


The differences referred to are principally— 
Guns of heavier caliber will be encountered. 
The terrain being well known to the defense, all fire will be more accurate. 


High-angle fire will be extensively employed, and angles of fall of 30° and greater 
must be expected. 

Some trench work must be executed under close fire and must gain ground to 
the front. A variation either way from ita proper direction will lose ground 

* or else expose the trench to enfilade, so that accurate tracing is of great 

importance. 

At the same time these conditions of sieges are more alike in different times and 
places than those of operations with mobile forces, and the best ways of doing some 
things can be stated for sieges with more confidence than in the case of ordinary 
fielaworks. 


66. The first step toward the reduction of a fortress is to cut off communication 
of the occupants with the outside world. This is done by a rapid movement of a 
relatively small force followed by reenforcements sufficient to hold a line entirely 
around the place and beyond the range of its artillery, say 244 to3 miles from its 
main lines of defense. This line is called the line of investment, and the belt of 
territory immediately outside of it occupied by the investing force is called the zone 
ofinyestment. Whether this line must be occupied continuously will depend upon 
its nature. As much must be actually occupied or commanded as could be used by 
the besieged for exit or entrance. The line of investment is divided into sections, 
preferably so chosen that a unit of command can be assigned to each. 


67. Troops assigned to a section of the zone of investment begin at once to 
reconnoiter it and put it in the best possible state of defense. Artificial or acci- 
dental features are prepared and strengthened, intrenchments tbrown up 
where required, communications made and improved through and between sec- 
tions, and telegraph and telephone lines established around the zone and to head- 
quarters, Every means must be utilized to gain knowledge of the ground inside the 
zoue. The time which must elapse before the siege material can be brought up will 
permit a great deal of such work to be done. ; 


68. The real attack or systematic approach is pushed inward from a few points 
only of the zone of investment, usually one or two. The side on which these 
approaches are to be made will be determined by the following conditions: 


(1) The best communication with the base. 

(2) The best terrain for battery positions and approaches under natural cover. 
(3) The most favorable ground for construction and operation of siege railways. 
(4) The easiest digging. 

(5) The most important consequences of success. 
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The firat condition will usually be controlling, unless one of the others is pro- 
hibitory. If the zone of investment is favorable and ample siege railway equipment 
is available, the attack may be conducted from points somewhat removed from the 
main terminus of the supply line. 


69. The main defensive line of an important fortress will consist of a series of 
detached forts. To breach such a line one fort at least, more often two, must be 
taken, and during the operation the fire of the one on each side must be kept down. 
If two fortgore to be reduced, the siege will consist of artillery work against four and 
trench work against the middle two of these. 


When the front of attack is decided, the main engineer park is located, out of 
reach of the defenders’ artillery, convenient to the front selected and to the main 
supply line, and connected with the latter by good communications. Here is assem- 
bled all the siege material pertaining to engineering operations as fast ag it arrjves, 
to be sorted and arranged in convenient shape for selection and forwarding to the 
front as required. 


Sites for the main siege batteries are next selected, at moderately long range 
from the forts, 2,500 to 4,000 yds., and for intermediate parks near them to con- 
tain materials for the construction, repair, and supply of the batteries. These sites 
are connected by a belt railroad immediately in their rear, and the belt line is con- 
nected with the main park at one or more places. 


10. The complete investing force must be heavily reenforced, ordinarily about 
doubled, before siege operations on any considerable scale are undertaken. The 
additional force will be concentrated along the front of attack, mainly toward its 
center. This and the investing force along the front of operations are sometimes 
called siege troops, and the remainder of the investing force distinguished as 
investing troops. The siege force should consist of infantry, engineers, and artil- 
lery in the proportion approximate of 834, 5%, and 124, respectively, with the proper 
contingent of the Signal and Hospital Corps, and supernumerary engineer and ord- 
nance officers. The total attacking force will range from 214 to 4 times the strength 
of the garrison. 


71. The siege artillery will probably be disposed in batteries of 4 pieces or less, 
dispersed ag much as concentration of fire will permit, and sited when possible on 
the reverse slopes of ridges or hills, or behind timber, and will employ indirect fire 
almost exclusively. 

Though batteries are invisible, the high-angle fire of the defense will reach them, 
as the enemy’s artillery will systematically search all reverse slopes within range, 
and the effect of shells must be localized: by artificial cover. An emplacement for 
each gun will be best. A light parapet across the front and on the sides will answer. 
A 4 to l'slope is the most convenient inclination of ground. Fig. 118 shows a typical 
emplacement for such a slope. Ample bombproof cover for men and reserve ammu- 
nition should be provided, preferably on the flanks. Fig. 117 shows half plans of 
two types used by the Japanese. 

On level ground the platforms may be laid on the natural surface, the guns sur- 
rounded by a splinter-proof wall, as fig. 78, in which case rooms of snfficient size 
may be walled off between the guns to form service magazines. The floors of the 
magazines may be depressed sufficiently to permit a weatherproof roof to be thrown 
over the ammunition, below the crest of the wall. The drainage of the roof must 
be intercepted before it runs into the pit. 


12. First parallel.—When the siege batteries have brought the artillery fire of 
the defense under-control the first attempt to gain ground to the front is made by 
opening a trench generally parallel to the line of investment and, if possible, within 
1,200 yds. of the enemy’s main line. During the day the outposts are advanced to 
or beyond the proposed line, to permit it to be reconnoitered and its bearings noted. 
At night the attack is pushed more strongly and the enemy driven in as far as pos- 
sible for the greater safety of the working parties. 

Tracing.—As soon as it is dark enough for concealment the tracing is begun. 
Each party consists of one engineer officer, one noncommissioned officer, and a 
private for each 50 yds. of line to be traced. The outfit consists of tracing tape, 
pega, mallets, and measuring rods. The tracing tape is of white cotton, 50 yds. 
long, 84 in. wide, and marked at 5-ft. intervals by weaving or printing. It is pro- 
vided with a loop at each end to attach to a stake or to another tape. The officer 
must provide himself with a compass and means of reading it by artificial light 
(Reconnaissance, 21). There should be a tracing party for each 800 yds. of line, at 
least, and more will be better, as the time spent in tracing is lost for digging. It 
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will be most advantageous if the tracing can be put through during the twilight, 
while it is still light enough to see the ground and read the compass, but too dark 
for the defenders to see the parties. The parties are paraded, outfitted, and moved 
up ag.close a8 possible before dark. 


The officer, provided with a description of his initial point and the bearing or 
course of the line from it, proceeds to it, his party following in single file, Having 
identified the initial point, the officer stations a sapper there, faces him in the direc- 
tion of the line, and taking the end of his tape, marches along the line to be traced, 
followed by the remainder of the party. When the tape is nearly ran ow the sapper 
checks it, and, as the end is reached, sets a stake between his heels and putg the loop 
of the tape overit The officer stations the second sapper at the front end of tue 
first tape, facing in the direction of the line, and proceeds as before, When the 
second tape is run out the second sapper sets his peg and puts the loop of both tapes 
overit, The operation is continued until all the tapesaredown. The officer returns 
to the rendezvous of the working party and conducts it to the line. Each sapper 
lies down at his peg, facing the initial point, and upon the arrival of the working 
party assists in the extension along his tape. 


If the fire of the defense is not sufficiently under control, it will be necessary to 
have the outposts begin the first parallel by digging pits, or short lengths, which 
can afterwards be extended to a connection. 


73. Approaches or zigzag trenches must be traced and dug on the same night 
with the first parallel, counecting it with cover in the rear. There should be at least 
three such approaches—at right, left, and ceuter. 


The typical trace of such an approach is showr in fig. 119. The branches or 
legs AB, BC, etc., must have a direction such that when prolonged they will pass 
outside of the extreme point on the corresponding flank from which the defenge can 
bring fire to bear. A leg will usually be not more than 100 ft. in length. 


The tracing of approaches for simultaneous digging differs in detail but little 
from that of the parallel already described. It is more difficult because the line is 
broken, and greater accuracy is required. Hach tracing party is given an extra man 
for each angle. The tape is run continuously, and, as each angle Js passed, the extra 
marker stationed there cuts the tape 9 ft. from the angle on the back course, makes 
the long end fast to a peg at the cut, and stretches the short end in prolongation of 
the forward course, fig. 120, to mark the direction of a return carried across the end 
of the back leg to protect it from enfilade. The return may be from 10 to 20 yds. 
long. It can be prolonged from this short end of tape without further tracing. 
Approaches so traced are dug simultaneously over their entire length the same as 
the parallel. 


74. The digging of approaches under fire differs from ordinary trench.work in 
that it is done progressively from one end and with the men reagonably protected 
from fire while doing it. Tracing is dispensed with. Approaches are usually called 
saps, the operation of digging them sapping, and the skilled men sappers, The 
end at which digging is in progress is called the saphead. 

So long as the legs can be given the direction described in par. 73, cover is needed 
on the end and one side only. This form is called single sap. A single sap gain- 
ing ground to the Jeft is called a leftehanded, and to the right a right-handed, 
sap. The shovelers work right-handed in a left-handed sap, and the reverse. 

‘When the saphead is very close to the enemy’s line, such direction can not be 
given, and cover is required on the end and both sides, This form is called 
double sap. . 

Single sap.—aA party of one noncommissioned officer and 8 sappers in two reliefs 
works at the saphead. The two leading sappers, Nos. 1 and 2, excavate a trench 414 
ft. deep and just wide enough to work in, throwing the earth to the front or 
exposed side. They are protected in front, or on the end of the trench, by a pile of 
half-filled sand bags, 50 or 60 in number, piled so as to make a parapet 2 ft. high. 
The sand bags should be smeared with mud so as to show the color of the soil, No. 
1, kneeling or crouching, undercuts the end breast a few inches and brings down 
the earth. He steps back and No. 2 takes his place and shovels the loose‘earth out. 
No, 1 returns, throws forward as many sand bags aa may be necessary to gain ground, 
using a fork or rolling them over with his hands, He then undercuts again and the 
operation is repeated, Nos. 3 and 4 widen the trench 2 ft. and raise the parapet, 
also forming a berm 12 to 13 ins. wide. . 

The rate of advance of a sap is only 2 to 4 ft.an hour. When half a yard has 
been gained, Nos. 1 and 2 exchange places and when a yard is. gained the other 
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relief comes in, At each change of reliefs the men who were Nos, 3 and 4 on the 
last tour take 1 and 2. Casualties are made up from the waiting relief. Generally. 
unless reduced to leas than 4 men, the detachment must work without reenforcoment 
until the regular change of trench reliefs. 


A working party of infantry, 25 ft, in rear of the sappers, widens the trench to 10 
ft. Fig.121 shows a plan and sections of o single sap, and fig. 121 gives a perspective 
view of a left-handed single sap in progress, . . 


Double sap.—Two parties work parallel to each other, Nos. 1 and 2 leaving a 
4-ft, tongue between them, which is taken out by Nos. 3and 4, No widening party 
is required. Fig. 122 shows a plan and sections of a double sap. 


To prevent enfilade the direction of the trench is changed at right angles as 
soon as the plunging fire becomes too annoying. After going 25 to 30 ft. laterally, 
the trench turns again to the front, and after having advanced sufficiently to form 4 
traverse, turns again to the right until it reaches the original line, when it resumes 
the main direction. Fig. 124 shows the plan of such a sap. It is called a traversed 
sap. 


75. Second parallel.—The first infantry position established, a second one well 
advanced is the next objective. It is called the second parallel ‘snd should be 500 
or 600 yds. from the enemy’s works, or about midway in front of the first parallel. 
It will envelop only the work selected for attack and will thus be shorter than the 
first. The second parallel, and the approaches to it from the first, may be estab- 
lished in a night, like the first paralle] and its approaches, though this will be the 
exception. With an alert defense the advance from first to second parallel must be 
by sap, When the heads of the saps are abreast of each other and on the desired 
line they may be turned toward each other and ruu to a connection, forming the 
second parallel, though, if possible, the work should be expedited by extending 
parties for simultaneous work. 


76. Third parallel.—This will be about halfway from the second parallel to the 
enemy’s works and will in most cases be the position of assault, though sometimes 
4th and even 5th parallels have been found necessary, At thia close range attention 
is necessary to guard the sapheads, which can be done by machine guns and rifle fire 
from the second parallel. Aas the saps advance the returns may be lengthened and 
turned so as to form demi-parallels. This will enablo a stronger guarding force to be 
kept under shelter and well advanced to repulse sorties or to take the offensive if 
opportunity offers. 


77. The foregoing description of siege works embodies principles but not complete 
practice; the latter is greatly affected by accidents of ground. Fig. 125 ig a general 
view of the trenches actually constructed by the Japanese in the attack on Fort 
Kuropatkin. Especially interesting is the traversing of the ravine or gully on the 
left, which then became a good approach. Such raviues were characteristic of the 
rterrain around Port Arthur, and much work of this kind was done by the besiegers. 
Sometimes the traverses were only planks laid across from bank to bank with sand 
bags on top, allowing passage under them. The distances between the traverses and 
the height of the aand-bag protection were so regulatcd that a shot grazing one could 
not pass under the next, 


MINING. 


78. Military mining will be here considered to include only the operations inci- 
dent to forming communications or chambers completely underground; to placing 
in such chambers charges of explosives and to firing such charges. 


Other uses of explosives in engineering operations are more commonly classed 
as blasting and will be considered under demolitions, Blasting also includes the 
use of explosives in forming the underground spaces in the proceas of mining. 


Underground communications are classed according to their directions as gal- 
leries, which are horizontal or nearly so, and shafts, which are vertical or nearly £0. 


Galleries are classed according to their size as great or grand galleries, which 
are 6 ft, high by 7 ft. wide; common galleries, 6 ft. by 314 ft.; half_galleries, 14 
ft. by 3 ft.; branches, 344 ft. by 234 ft., and small branches, 2% ft. by 2 tt. 
When the formation of the ground permits, earth augers may be used, forming bores 
or drill holes. : 

Shafts may be drill holes or wells, or may range in size from the smallest in which 
aman can work, say 3 by 3 ft., to any size which may be required, seldom more than 
6 by 10 ft. 
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The dimensions of galleries and shafts are determined by the use to be made of 
tbem, their length, and the minimum space in which men can work. If troops or 
guns are to be passed throngh galleries they must be made large enough for that pur- 
pose. Grand and common galleries will usually meet these requirements. Galleries 
used only.to reach the proper point to place the explosive are made of the size which 
is most rapidly driven and can be suificiently ventilated. This is usually the half 
gallery in which men can work without too much constraint, through which the 
excavated earth can be transported by efficient methods, and in which reasonable 
ventilation can be maintained by simple means. 


Branches or small branches may be used when near the objective points. They 
are rapidly driven for short distances, 20 ft. or so, but when longer the difficulties 
of digging, earth disposal, and ventilation become too great. When the soil permits 
the use of augers, bores will usually be employed for this purpose. 


The eantite of explosive placed at any point is called a charge. The place 
prepare for the reception of the charge is called the mine chamber or simply the 
chamber. 


79. The primary requisites of subtervaneous excavations are accuracy of 
direction, prevention of caving, ventilation, drainage, and lighting. 


The restricted space usually requires not only that men shall work in constrained 
positions, but also that special tools be provided of smaller size than those used for 
open earth work. A special tool called the push pick, shown in fig. 126, is very 
convenient in soft earth. Picks and shovels for mining are similar in form to 
standard tools, but are smaller, and have shorter handles. 


80. Accuracy of direction may be secured in sufficient degree by refined appli- 
cation of methods described in Reconnaissance. The principal characteristic 
of underground surveying is the absence of daylight. All targets must be lumi- 
nous, and readings of instruments may be made by artificial light. Aaa rule, the 
leas light there is in the gallery, other than the target and reading lights, the better. 


The best target is a light of medium strength behind a narrow slit, and is easily 
improvised. A convenient form is shown in fig.127. The slit is V-shaped in form 
and adjustable by rotating the two sides about their pivots, so that the maximum 
width can be adjusted to the intercept of the wire at various distances, as shown in 
figs. 128 and 129. A sheet of white paper or cloth behind the light will enable the 
observer to work much faster. 


In large galleries a transit may be used, and in smaller ones a plane table or pris- 
matic compass. The box compass can not be sighted and read with sufficient accu- 
racy for this work. Compass courses can not be relied upon, as the needle is subject 
to abnormal fluctuation when used underground. At each change of direction the 
back azimuth and azimuth must be carefully read and the angle between them used 
to determine the change. The light used for reading a compass should be nonmag- 
netic and nonelectric, or if not so, must be held in exactly the sane position during 
both readings. 


A ranging device may be improvised as shown in fig. 127. The edges of the 
box should be straight and parallel to each other and to the line of sight. The box 
resting on a smooth board or paper nearly level is pointed at the back and forward 
targets in succession, a pencil being drawn along one edge in each position. The 
angle between the pencil lines is measured with a protractor. 


The slope of an inclined gallery is maintained by the use of a field level. Many 
forms may be improvised by the use of a level tube or plumb line. A convenient 
form is shown in fig. 130. The two pieces having been pivoted together, as shown, 
are given a series of suitable angles of inclination, and at each setting a small hole 
is bored through both pieces, forming two series of holes, as indicated. To repro- 
duce any setting spread the pieces until the corresponding holes fall together and 
put a closely fitting pin through both. The longer piece is placed on the inclined 
line of the gallery, usually on two consecutive frames, for which its length is 
adapted. On the shorter piece may be placed an ordinary carpenter’s or other level, 
or a level tube may be set in the piece itself if convenient. 

The greatest accuracy need not be maintained during the construction of galleries 
though carelessness must be avoided. When the immediate vicinity of the chamber 
or other objective point is reached the entire line must be checked as accurately as 
Possible, and the length and direction of the branch or drill hole necessary to reach 
the objective point must he determined. The digging having been substantially 
completed, tbe galleries may be kept clear of men to facilitate work when this final 
survey is made, 


396 ENGINEER FIELD MANUAL. 


81. The first step in any mining operation will be to locate the objective paint 
with respect to the point of departure by the best practicable measurements above 
the ground, preferably intersections with a transit from a carefully measured base, 
This position should be plotted on a good map. If no obstructions are suspected, a 
straight liue from the point of departure to the objective should be adopted for the 
gallery and its length and azimuth determined. A profile of the ground along the 
line of the gallery permits determination of the proper slope or slopes. 


The transfer of the azimuth underground will depend on whether the gallery 
starts from a shaft, fig, 134, from a reverse slope, fig. 131, or, if not very deep, from 
a level with a descending branch, fig. 132. In the second and third cases, which 
will be the rule in military mining, the azimuth may be established in the gallery by 
a transit or compass used in the ordinary way. In the case of a shaft, which will be 
the exception, the azimuth must be established across the top or mouth and trans- 
ferred to the bottom by means of plumb lines, fig. 134. The plumb lines should be 
fine wires, the bobs true and heavy, suspended in water if necessary to steady them, 
and the marking should be done by scratches on the heads of nails or tacks. During 
construction the alignment may be kept by a line stretched along the gallery and 
the elevations by the field level. ' 


Changes of direction, if necessary, are most conveniently measured in the 
gallery by means of a bevel made above ground to the proper angle, fig. 138. In- 
checking, the angles should be determined by a careful geometrical construction in 
the gallery, or measured with an instrument, 


In case an unexpected deviation is necessary, as to avoid an obstacle. it may be 
made to suit the conditions found and afterwards measured and plotted on the chart, 
The necessary change to be made after the obstacle is passed, in order to direct the 
gallery again on the objective, will be determined from the chart and the proper 
bevel made and sent into the gallery with instructions to make that change to right 
or left at a stated distance from the last angle. 


82. Gradients are determined by the field level. Points at which changes of 
slopes are to be made must be determined from the chart and the necessary data sent 
in, showing the point where the change is to be made and designatiug both old and 
new slopes. In checking, gradients should be determined with clinometer or transit, 
sighting from one horizontal angle to the next, if it can be done, otherwise taking 
as few sights as possible. 


83. Prevention of caving is accomplished by linings. In very firm soil it ia 
sometimes practicable to drive small shafts and galleries short distances without 
lining them; but if they are to stand for any length of time there is always danger 
of their caving in, and especially so if the neighboring soil is shaken by the explosion 
of projectiles or mines. When it is considered safe to use them, unlined shafts 
should be elliptical in plan, and the roofs of the galleries should be pointed arches. 
As a rule, however, both shafts and galleries should be lined. Those which are 
permanent in their character, as the main galleries of the countermines of a perma- 
nent work, are lined with masonry. Galleries constructed during a siege are lined 
with wood. Wooden linings are of two general types, known as cases, and 
frames and sheeting. 


Cases, fig. 135, are of plank, 6 to 9 ins. wide and not less than 134 ius. thick, as 4 
rule. They are formed as shown in the fig. The two pieces with tenons are called 
stanchions and are placed vertically. The top is called a cap sill and the bottom 
a ground sill, 


In grand galleries the tenons at the top of the stanchions are usually shorter than 
the thickness of the cap sill, and those at the bottom, as well as the mortises in the 
ground aill, are omitted. The stanchions are kept from collapsing by blocks nailed 
to the ground sills. These blocks are 2 ins, thick and wide enough (about 9 ins.) to 
guide the wheels of a gun carriage and prevent the hub striking the stanchions, 
fig. 138. 


In cases for smaller galleries also the tenons are sometimes omitted at the bottom 
of the atanchions, the mortises in the ground sills cut an inch or two deeper, and the 
stanchions kept from collapsing by keys driven in the mortises, fig. 137. 

Frames and sheeting.—Frames are made of scantling, as shown in figs. 189 
and 140 for shafts, and 141 for galleries. Pieces of the latter are named as for cases. 
Sheeting is of plank, sawed to the desired length and beveled atone end. Sheeting 
should ordinarily be 1 ft. longer than the distances c. to c. between frames. Frame 
distance is generally 4 ft. and the length of sheeting 5 ft, Round stuff may be used 
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for frames and also for sheeting, though the latter is not easy. The middle of each 
cap and ground sill, both in frames and cases, is marked by a saw cut or otherwise. 


For galleries of moderate size, in good soil, lining with cases is more rapid and 
gives a smooth interior. Cases require uniform and fairly good lumber, which may 
not be obtainable. Frames and sheeting cau be used for all sizes of galleries and in 
all soils and can be improvised from materials at hand, . 


The cases of branches and small branches are sometimes made very strong, witha 
view to resist rupture by the explosion of neighboring mines, Four-inch planks, or 
even thicker, have been used in certain circumstances, 


84. The following table gives the dimensions, in inches, usnally adopted for the 
pieces of cases, frames, and sheeting, for galleries of different sizes:- 


Cases. Frames and sheeting, 
Ground! Stan- - |Ground| Stan- -1, | Sheet- 
sill, | chion, | CPS] in | chion. | C*P SL) “ing. 
Ins. Ins. Ins. Ina. Ins. Ins. Ina, 
Great galleries .---_- 3 4 5 6x4 6x6} 6x9 2 
Common galleries ___ 2 2 2 6x3 6x6 6x8 yy 
Half galleries s 2 2 2) 5x3) 5x5} 6x7 1% 
Branches —...... ~-[gor2 |IMor2 |lwjor2; 4x3] 4x4! 4x6] 1lorly 
Small branches___-_- Tto2] Lto2 Tto2 3x3] 3x3) 3x4 1 


85. Im sinking a shaft with frames and sheeting, the size and position haviug 
been fixed, the top frame, distinguished from the others by projections at each end 
of each piece, fig. 140, is laid down and staked in place, with the scores on the end 
pieces accurately in the desired azimuth. The excavation of the shaft is then be 
gun, making it enough Jarger than the top frame to take the sheeting all around. 
Usually the first interval can be dug without driving the sheeting. It is undercnt 
80 that at the level of the second frame it will be larger in each direction than at 
the top by twice the thickness of the sheeting. Gage rods cut to the length and 
width of the excavation and plainly marked at the middle points should be provided. 
The inconvenience of working under the top frame may be avoided by marking the 
sides carefully and digging the first interval before setting the top frame. 


When the shait is deep enough the second frame is put in place and nailed together; 
the notches in the ends of the side pieces turned upward and those of the end pieces 
downward. The top and second frame are connected by nailing to them four battens 
of proper length (two on each side), fig. 142, which suspend the second from the top 
frame at the established interval. The second frame is placed vertically below the 
top frame by using the plumb line and the scores in the frames, 


The sheeting is inserted outside the top frame, beveled end first, bevel ontside, and 
pushed down until its top is flush with the top frame. The lower end of the sheet- 
ing is held out from the lower frame by suitable wedges, and the excavation of the 
second interval is commenced. 


In ordinary soil the sides of the shaft will now require support. Sheeting is there- 
fore introduced and pushed down as the excavation proceeds, fig. 143, the wedges 
previously placed being driven down as the sheeting is inserted. 


If the pressure of the earth becomes great enongh to spring the sheeting planks 
inward, an auxiliary frame is introduced. This is a frame similar to the shaft 
frames, but from 4 to 6 ins. larger in outside dimensions, fig. 143a. ‘The sheeting 
rests directly against the outside of this frame, and is thus held out far enough to 
allow the third frame to be placed and the wedges tobe inserted as before. The 
auxiliary frame is then removed and used in the next interval. 


Successive frames are placed in the same manner, fig. 142, until the one directly 
over the gallery is reached. Care is taken to place this frame at exactly the right 
height, and the shaft is then continued to the required depth. A frame is placed at 
the bottom with ita top at the level of the floor of the gallery and the sheeting is 
allowed to rest directly against the outside of this frame. When the soil will allow 
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it, the sheeting is omitted wholly or in part over the portion of the shaft which is to 
form the gallery entrance. 


86. Precautions.—In sinking shafts especial care must be taken to make the 
excavation no larger than is required for placing the lining, since if a vacant space 
is left outside the lining the sides of the shaft may give way through its entire height 
and fall against the lining with a blow which will crush itin. hie has often been 
the cause of fatal accidents both in shafts and galleries, 


87, Partly lined shafts, i. e., those in which the sheeting planks are separated 
from each other by greater or less intervals, should only be used for small depths 
and when they are expected to stand fora very short time. They are a constant 
menace to the miners, owing to the danger of their caving in, and in a much greater 
degree to the probability of stones, etc., falling from the ‘unprotected parts and 
seriously injuring or killing the men at the bottom, : 


88. Driving a gallery with frames and sheeting.—If from 2 shafé, the direc- 
tion of the gallery has already been marked by the scores on the shaft frames; but it 
must be verified by plumb lines, and two small pickets driven on the line of its axis, 
which is located exactly by small nails, one driven in the head of each picket. 


Two gage rods are prepared, giving the extreme height and breadth of the exca- 
vation, i. e., the height of the frame plus two thicknesses of top sheeting, and the 
breadth of the frame plus four thicknesses of side sheeting. The middle of each gage 
rod is also plainly marked. 


A gallery frame is set up against the side of the shaft, fig. 142, its ground sill 
flush with the bottom frame of the shaft; or its stanchions may rest upon the shaft 
frame as a ground sill. This frame is carefully located and fastened in position with 
battens and braces. If the shaft sheeting on that side has been omitted, which can 
usually be done, the top gallery sheeting is started on top of the cap sill and driven 
until held in place by the earth. It is given the proper upward pitch by a scantling 
laid across the outer ends and held down by fastening to or under the shaft frame. 
The side sheeting is started in the same way against the outer faces of the stanchions 
and given an outward slant by bracing the outer ends slightly atvay from the aides 
of the shaft. Earth is now excavated and the sheeting advanced all around, keeping 
the front ends in solid earth far enough to hold them steady. 


In this way the gallery is advanced one gallery interval, usually about 4 ft., when 
a second frame is placed. Its position is verified by the score marks; for direction, 
by a line; for grade, by a spirit, mason’s, or field level, and for verticality, by a 
plumb line. It is then secured in place by nailing battens to it and the preceding 
frame. Wedges are inserted between the frame and the sheeting and the gallery is 
continued by the same methods, When the shecting is advanced only by hard driv- 
ing the frames are slightly inclined to the rear at first and are afterwards driven 
forward until vertical. 


89. If, while advancing the sheeting, the pressure upon it becomes so great as to 
spring it, a false frame, fig. 144, mnst be used. 


This consists of a cap sill, ground sill, and two stanchions, connected by mortises 
and tenons. The stanchions have tenonsand the sills mortises at each end. The 
cap sill is usually rounded on top and, for facility in setting up and removing, its 
mortises are longer than the width of the tenons, The latter are held in place hy 
wedges when the frame is in position, fig. 145. The false frame is usually made of 
the same height as the common frames and, when side sheeting is used, wider hy 
twice the thickness of this sheeting. When side sheeting is not used, its outside 
width may be equal to the clear width of the gallery. 

In using the frame, fig. 144, the ground sill is first placed accurately in position 
at a half interval in advance, the stanchions are set up, and the cap sill placed upon 
them and wedged. The whole frame is then raised about 2 inches by folding 
wedges placed under each end of the ground sill, and is secured by battens. The 
sheeting will now rest directly upon the cap sill and stanchiona and have enough 
inclination to clear the next frame by its own thickness, as is required. The nest 
frame is then set up, the wedges driven under the sheeting, and the false frame 
removed, which is easily done, owing to its construction. 

If the gallery is not started from a shaft, a steep working face must be obtained 
and the first frame set up and braced, in correct position with respect to the center 
line murked on the ground. The subsequent operations are as above described, 
except that means must be provided to hold the rear ends of sheeting to give them 
the necessary upward and outward slant, or else a false frame used. 
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If it has beon necessary in sinking the shaft to drive the sheeting on the side from. 
which the galiery is to be broken out, the gallery frame is set as before and the sheet- 
ing behind it driven down until it barely engages the bottom edge of the cap sill of 
the gallery frame. The top gallery sheeting is then inserted and partly driven as 
before. The shaft sheeting outside the gallery stanchions is then cut away and the 
side gallery sheeting started. The middle plank of the shaft sheeting is prized 
down with & bar engaged nnder the cap sill until free at the top, when it is pulled 
outward and removed. Excavation proceeds through the gap thus made, and as the 
other planks come free they are removed. If the earth runs too free at any stago of 
the operation it can be checked by short horizontal stop plank, placed against or 
inside the sheeting or inside the gallery frame after all sheeting has been removed. 


90. To continue the gallery in such soil a shield, fig. 146, may be used to prevent 
the earth in front and above from caving into the gallery. When the excavation at 
top of gallery has advanced as far ag it is safe to go without causing the caving to 
extend beyond the top sheeting, a piece of plank a foot wide and in length equal to 
the width of the gallery is placed directly under the top shecting and against the 
face of the excavation and is held in place by braces at its ends secured to the ' 
gallery lining. The earth is excavated until a second plank of the shield can be 
placed in the same way as before under the first one. This is continued until the 
entire face ig covered. The top and side sheeting are then driven forward and the 
top plank of the shield is removed and replaced in advanco, aftér which each plank 
is removed and replaced in succession, as above described. 


91. Partly lined galleries.—In very firm soil side sheeting may be omitted 
entirely, and in that less firm the side planks need not bein contact. When the 
side sheeting is omitted the width of excavation may be reduced to the clear width 
of the gallery and the stanchions be let into the side wall flush with its surface. In 
this case the ground sills are frequently omitted, the stanchions resting upon wooden 
blocks, stones, or directly upon the earth. 

To save material, the planks of the top sheeting are sometimes more or less sepa- 
rated also. This can only be recommended when rapid and temporary work is 
required with limited materials, and in these cases the earth between the planks 
should be supported by packing of sticks, brush, etc. 


92. Inclined galleries.—If the gallery, instead of being horizontal, is ascend= 
ing, fig. 147, or descending, fig. 148, the proper slope is obtained by the use of a 
field level or a mason’s level properly marked or set for the slope. : 


Position of frames.—In driving descending galleries better progress will be 
made and leas material used if the frames are set at right angles to the axis of the 
gallery, fig. 148, and this is the usual custom. In driving ascending galleries 
this is impracticable and the frames are set vertically, fig. 147. In all other respects 
inclined galleries are driven in the same manner as horizontal ones, 


93. Change of slope.—To pass from a horizontal to an ascending gallery, fig. 147, 
it is only necessary to give the top sheeting the proper angle by holding down its 
back end with a piece of scantling placed across the gallery for that purpose; and, 
to give the side sheeting the proper inclination, cutting trenches in the bottom of the 
gallery for the lower pieces, if necessary. 

In passing from a horizontal to a descending gallery, fig. 148, the roof may be 
carried forward horizontally, and the floor given the desired pitch by increasing the 
height of the consecutive frames, until enough headroom is obtained to allow the 
top sheeting for the descending gallery to be inserted at the proper height and in the 
new direction, The frame at this point is made with a cap sill (upon which the 
sheeting rests directly), and a second crosspiece below it, serving as a cap sill for 
the descending gallery. From this point forward the frames may be set perpendic- 
ular to the axis of the gallery, as previously stated. 

., If the descending gallery is very steep and the horizontal pressure of the soil great, 
it may be necessary to strengthen the stanchions of the last two or three vertical 
_ frames by crosspieces near their upper ends. * 


34, In changing direction horizontally with frames and sheeting, if the soil 
will stand for a distance of one frame interval, or even less, it is only necessary to 
place one or more frames at an angle until the necessary change is secured. The 
sheeting on the ontside is placed by running the forward end past the frame and 
then inserting the rear end behind the last bay of sheeting. 

_if the sides require constant support, the outer one may be continued in the old 
direction until the wedge left is thick enough to permit the sheeting to be driven in 
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the new direction. A’ short bay may be put in to reduce the amount of work to be 
done, fig. 151. Frames with extra-long caps and sills are required and the last one 
used is given an extra stanchion on the outside to take the sheeting in the new 
direction. 


For abrupt changes of direction in large galleries it is customary to drive in the 
original direction entirely past the turning point and then break out a gallery in 
the new direction. A gallery starting out from the side of another is culled a 
return, and is rectangular or oblique, according to the angle made by its axis 
with that of the original gallery, which is called the gallery of departure. 


That the return may be broken out, the interval between tbe frames of the gallery 
of departure at this point must be such as to admit between tbe stanchions a frame 
and tbe side sheeting of tbe return, fig. 155. This part of the gallery of departure is 
called a landing and its floor is made horizontal. * 


If the return is oblique, fig. 156, its width measured along the gallery of departure 
will be determined by an oblique section, and may be so great that the strength of 
the lining of the gallery of departure will not allow the necessary length of landing. 
In this case a short rectangular return is first broken out from the side of the gal- 
lery of departure and the new gallery is broken out from the side of this return, 
fig. 157. Thelatter method diminishes the length of the landing when the change of 
direction is less than 45°. 

The floor of a return is started at the level of the floor of its landing. In firm 
soils which will stand for a short time without support the first frame may be set up 
entirely outside the gallery of departure, figs. 156 and 157, and may be of the same 
height in clear as this gallery. When the soilis bad, however, and side sheeting is 
required in the gallery of departure, the first frame of the return must be set up 
against tbis sheeting in the interval between the stanchions of the landing, fig. 155. 
This makes the clear height of the return at this frame less than that of the gallery 
of departure by a little more than tbe thickness of the sheeting. When the first 
frame of the return is set against the sheeting of the gallery of departure it may be 
pulled or cut away to permit excavation, beginning in either case with the top plank. 


The first frame of an oblique return should be so set that the sides of the stanchions 
will be parallel to the side walls of the return, thus giving a good bearing to the side 
sheeting. : 


In very bad soil the first few frames of a return must be firmly braced, to resist the 
backward thrust of the earth, by battens connecting them together and by struts 
across the gallery of departure. The latter are removed when the return is suffi- 
ciently advanced. 


95. In sinking a shaft with cases, fig. 149, a case of the required size is put 
together and accurately placed upon the site of the shaft, whose dimensions are 
marked upon the ground outside it. The case is then removed and the earth exca- 
vated to the depth of the case, which is placed in the excavation with its top flush 
with the surface of the ground. Its position is carefully verified and itis secured in 
position by packing earth aroundit. The excavation is then continued for the depth 
of another case, which is put in place as follows: 


One end piece is placed in position, the tenons of the two sides are inserted in the 
mortises at its ends, and the side pieces are pushed back into position; a pocket- 
shaped excavation is made with a push pick beyond the end of one of the side pieces 
and running back 3 or 4 ins. into the side wall; the remaining end piece is inserted 
in this cavity far enough to allow the mortise at its other end to slip over its corre- 
sponding tenon; it is then drawn back and the tenons at both ends fitted into their 
mortises. The notches cut in the sides of the pieces allow them to be easily handled. 


The next case is placed in the same way, care being taken not to excavate two 
consecutive pockets at the same corner. It is well to fill up these pockets by stuffing 
in sods from below before placing the next case. 

When the sides of the case are tenoned at one end only and secured by wedges at 
the other they are easily placed in position without cutting out behind them. 


Upon reaching the level of the top of the gallery, the pieces on the gallery side of 
the shaft are omitted if the ground is firm, but if it needs support these pieces are 
put in place and secured by cleats or braces, but the tenons are not inserted in the 
mortises! In firm soil the cases may be placed at intervals, fig. 150. 


96. Driving a gallery with cases.—This is practicable only when the soil is 
somewhat firm. In breaking out froma shaft, a frame is first placed inside the shaft 
to support the ends of the shaft cases resting against the pieces which are to be 
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removed. The latter pieces are then taken out and grooves fre cut in the earth for 

the ground sill, stanchions, and cap sill of the gallery, and these are put in place in 

a manner entirely analogous to that described for sinking a shaft. This case is set 

flush with the inside of the shaft and supports the side pieces, whose tenons rest 

upon its stanchions. The projecting earth is then cut away and grooves are cut for 

the next case, which is placed in position and the excavation continued as before, 
g. 162. 


If the gallery is not started from a shaft, a vertical face is obtained and the casea 
are placed as above described. 


When the earth shows a tendency to cave, which it frequently will in great gal- 
leries, the cap sill must be put in position and supported while the miner excavatea 
the grooves for the ground sill and stanchions, for which purpose two crutches are 
used. A crutch, fig.153, consists of an upright piece of timber carrying a cross- 
piece, whose length is equal to the width of two cases. The upright piece rests upon 
the ground sill of the cases already placed and is raised to the proper height by 
wedges. The part of the crosspiece which projects in advance is made 2 ins. higher 
than the rear part, to support the cap sill somewhat above its final level, so as to 
allow the tenons of the stanchions to be easily inserted. The rear part of the cross- 
piece is attached to the upright by an iron rod or shortchain. The useof the crutch 
is illustrated in fig. 154. When the case is set and adjusted to position the crutches 
are taken down by removing the wedges, and are replaced under the next cap sill. 


An very firm soil shafts and galleries are frequently driven with cases notin jux- 
taposition, but separated by greater or less intervals. Pieces of planks (which may 
be parts of cases) placed vertically and resting against the sides and ends of the 
cases in shafts, or horizontally and resting upon the cap sills in galleries and some- 
what separated from each other, may be used to support the earth between the cases. 
The same remarks apply to this construction as to the similar one sometimes used 
when mining with frames and sheeting. 


97. Change of direction in galleries lined with cases.—Slight changes in 
direction in a horizontal plane can be easily and gradually made by setting each caso 
a little obliquely to the one preceding it and separating the stanchions on one side 
while they touch on the other, supporting the roof in the wedge-shaped openings, if 
necessary, with pieces of wood, etc., fig. 158. Foran abrupt change it is better to 
break out a rectangular return from the side of the gallery and pass from this into 
the required direction by gradual change. 


If the return is to be of the same height as the gallery of departure, the cap sills 
of the latter, for a distance equal to the width of the return, are lifted off the tenons 
of the stanchions by struts and wedges, and the first case of the return is set asin 
breaking out from a shaft; the ground sill is, however, narrowed by the thickness 
of the stanchions of the gallery of departure so that the face of the case of the return 
is flush with the inside of the gallery of departure, and the ends of the cap sills of 
the latter rest upon the cap-sill of the first case of the return. 


In passing from a horizontal to a descending gallery the change may be made 
gradually, in a manner gimilar to that described fora change in horizontal direction, 
fig. 158, and the cases remain normal to the axis of the gallery. “ 


To pass to an ascending gallery by the method above described would require the 
earth at the face of the gallery to be undercut in order to introduce the case, and 
this undercutting would continue so long as the cases were normal to the axis of the 
gallery. This construction is,as a rule, impracticable. In ascending galleries, 
therefore, the cases are set with their stanchion vertical, while their cap and ground 
sills form steps in the slope of the roof and floor of the gallery or, for con venience 
in setting up, the ends of the stanchions may receive the proper bevel, fig. 136, while 
the sides of the tenons and mortises are made parallel to the sides of the stanchions. 
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98. Rate of working.—The following table gives an estimate of the men and tools 
required for shafts and galleries, with the probable rate of advance in good soil. 


Men. Toois. 
c 
=] 
: a 
Kind of gallery cs ia 3/3 |e 3 
. = : a4 oe 
ec. |g B).| |EISlS/Elslslalelz lal 4 
8 a/3 SE Sl wl/Slsls/Sib ois 
al. elSigln ef elflelelelslsial g 
o} a |PIBIS 2,2 |S e) Pole! si 22 
S| Be] Sjolf si a slEl/ZlalEle/sis] & 
Se lsl|Slsl8is) 8 lslelelelaleiaia|2 
aS RISA lee) Sa els lala lsljele jel a 
Great gallery or 
blind gallery ...| 1 12] 4] 2/2) 8 J---j-}1)1)/1]1 
Common gallery_|1] 4|---|1]1]2]/1] 1]/1/1]1]1 
Half gallery______ 1{ ff j---}1]1}2};1] 1) 1lyis1ij1 
Branch gallery___| 1} 74 ]/---}1})1]2]1] 1]/1]1]1]1 
Small branch ___|1{ 3|---|1]1 |) 2} g1}/t]a}aji1 
Shaft ---.-__. a Cs pores a GO ee 


* Four of these may be unskilled laborers. 

+ Number required at commencement of gallery. Beyond 4 ft. add one man, and 
one additional for every 20 ft. of gallery. 

} One mason’s level. 

§ Instead of a truck a canvas bag may be used. A large hoe or drag may be used 
to draw back the earth from the face of the gallery, 

|| These numbers are for small shafts of about 2 ft. by 4 ft.; large shafts require a 
larger force, They advance at about the same rate as galleries of equal cross section. 


99. Ventilation.—A gallery can not be driven more than 60 ft. without artificial 
ventilation. The only possible way of ventilating a gallery with a single opening 
is to force fresh air into the working breast, which may be done through a duct of 
wood or metal, or through a canvasor other hose. A pressure blower, worked 
by hand or power, is among the essential items of a mining equipment, For exca- 
vations of moderate extent, a portable forge will form a convenient ventilating 
device, If a gallery passes under surface cover, a drill hole made through the roof 
and breaking the surface under protection of the cover may be used to promote 
ventilation. 


In a system of galleries, having two or more outlets, air may be exhausted 
from one and drawn in through theother. Screens or doors may be arranged to 
compel the desired distribution of fresh air. Vacuum operation will never be so 
satisfactory as plenum. If there is considerable difference of level, as a shaft or 
rapidly ascending gallery, a fire built at or near the upper outlet will create a cnr- 
rent throughout. 


Iu urgent cases a man may enter and even work in a gallery which can not be 
ventilated, by providing him with a mask covering the nose and mouth and supply- 
iug fresh air through a hose or from a reservoir of compressed air carried with him. 


100. Drainage.—Much water is not likely to be encountered in military mining, 
but what there is must be taken care of, or it will collect at the lowest point and 
flood the mine. If water shows itself or is suspected, dead-level galleries must be 
avoided and all slopes should fall toward a point or points where the water can be 
disposed of. If the mine has a level outlet, nothing is required except to so regulate 
the slopes that all water will run tothe mouth. If the mine is entered by a shaft, a 
pit or sump must be formed at the bottom into which water can collect and from 
which it can be raised to the surface by pumping or bailing. A slope of 1% will 
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usually suffice for drainage if the floor of the gallery is sloped laterally and a fairly 
smooth gutter formed along one side. 


Tf an interior low point can not be avoided, a sump must be made there and the 
water carried out in buckets or forced out witha pump. For low lifts, 20 ft. or less, 
a very efficient form of hand pump for drainage purposes is shown in fig. 159. A 
very good pump may be made as shown in fig. 160. The only materials required 
are wood, leather, cotton cord, rivets, tacks, and nails, This pump will lift several 
feet without difficulty in addition to the usual suction, It requires copious priming 
unless the sucker can be made to reach the water at the lowest point of its stroke, 
It is usually worked with a spring pole, fig. 161. 


101. The mine chamber should be nearly cubical or a cylinder with length 
about equal to diameter. If it is to stand for some time before loading, or if of large 
size, its sides and top must be supported by a lining. The chamber is frequently no 
more than so much of the end of a gallery, branch, or drill hole ag is necessary to 
contain the charge, 

Figs. 164 and 165 show typical forms of earth augers; the former used by ram- 
ning and the latter by turning. Each must be withdrawn when fuil to dispose of 
the earth. 


102. Explosive.—A satisfactory explosive for the purposes of military engineering 
must be— 


(1) Stable ag to its constitution and characteristics for a long period. 
(2) Unaffected by ordinary variations of temperature and moisture. 


(3) Insensitive to shocks of handling, transportation, projectiles, and neighboring 
explosions. : 


(4) Not too difficult of detonation, 


(5) Quick enough to give good results when not confined and slow enongh to give 
good results when confined. 


(6) Convenient in form and consistency for packing and loading and for making 
up charges of different weights. 


The third and fourth of the above requirements are antagonistic and must be com- 
promised. 

These conditions point to a high explosive of medium strength, of granular or 
plastic consistency, put up in waterproof cylindrical cartridges of standard size and 
length. A number of explosives meeting these requirements fairly well are on the 
market, Noone of them is so distinctly superior as to warrant its adoption to the 
exclusion of the rest, and the one most easily procured at the time and place of need 
will probably be used. 

Dynamites consist of 2 granular base, usually called dope in the trade, partly 
saturated with nitroglycerin. Dynamites are classed according to the percentage by 
weight.of the nitroglycerin contained, as 754 dynamite, 60% dynamite, and so on. 
The grades No, 1, No. 2, and No. 3, often used, refer to 75, 50, and 254 dynamites, 
respectively. The dope may be an inert substance having no function except as 2 
vehicle for the glycerin, or it may be, and usually is, a combustible substance con- 
tributing to the chemical reaction and improving the strength and character of the 
explosion. Dopes of this kind are usually nitrates of sodium or potagsium, All 
American dynamites are of this class. 


At extremes of temperature, high or low, an exudation of free nitroglycerin is 
likely to occur, making the dynamite extremely sensitive and dangerous. This 
danger increases with the degree of saturation, Dynamites higher than 60% will 
probably not be suitable for military purposes on this account. The tendency to 
exudation is greater when cartridges stand on end, and care should be taken to keep 
them on the side in storage and transportation. Dynamite freezes in moderately 
cold weather, and if no exudation has taken place becomes comparatively free from 
danger of explosion by concussion and is considered perfectly safe to handle. It is 
very difficult to explode'when frozen, has less strength, and is not considered fit to 
use in that condition. In the frozen state dynamite is easily exploded by heat and 
the operation of thawing, if carelessly conducted, is one of great danger, a large 
majority of accidents with dynamite occurring from this cause. It should never be 
taken near a fire or very hot metal, but should be thawed in a mild, diffused heat, 
atting for considerable time. The cartridge must never be placed on end to thaw 
out, Packing in fresh manure, or inclosing in a chamber with cans of hot water are 
the eafeat methods of thawing dynamite. Plenty of time must begiven. Acartridge 
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soit on the outside may be frozen in the middle. None of the dynamites are fit for 
use ag @ military explosive in a cold climate. 


Dynamite is a substance of the consistency of brown sugar. It should not be 
greasy to the touch, nor should there be any oily appearance of the packages, It is 
apt to canse a severe headache when touched with the hand. It is usually packed 
in paraffined paper cartridges, an inch or more in diameter and of varying lengths, 
‘A, very common size is 114 ins. diam. by 8 ins. long, containing about +; of a pound, 


Gelatins.—These compounds are formed by the action of nitroglycerin on gun 
cotton. They are unstable and become supersensitive and highly dangerous when 
frozen. 


Picric powders.—These consist of pure picric acid, or that acid combined with a 
nonmetallic base. They are nonsefisitive to shock, unaffected by heat and cold, and 
in some forms by water, can be produced in‘a granular form or fused into solid 
shapes. Their characteristic color is a yellowish, sulphur tinge, and if pulverized 
they have a strong tendency to escape from their packages and discolor everything 
around them, men included. Nevertheless, the most successful military explosives 
thus far introduced belong in this class; for example, the French melinite, the Eng- 
leh lyddite, the Austrian ecrasite, the Japanese shimose, and others. 


Combinations of picric acid with metallic bases, especially lead, iron, and potas- 
sium, or with oxides or nitrates of these metals, are dangerously sensitive. Prema- 
ture explosions have resulted from bandling iron shells loaded with picric acid, A 
special neutral coating is now used to prevent contact of the acid and the metal, 
Litharge is very apt to produce an explosion if it comes in contact with picric acid. 
Red or white lead must not be used in or around any receptacles of picric aq. 


Jovite, an American powder of this class, seems to come as near meeting all mili- 
tary requirements as any explosive now known, It is unaffected by heat, cold, con- 
cussion, or water. The gases of explosion are less deleterious than those of 
dynamite and produce no headaches. A recent authority on explosives says: 


“ Jovite has been tested by the ablest explosive experts and has never proved unsafe 
or unreliable. It would seem to fulfill all the requirements of an ideal explosive.” 


Jovite may be had of strengths equal to 20, 40, and 60% dynamite. ; 


Gun cotton has been extensively used in military operations and has some advan- 
tages. It is not considerably used commercially, and would probably have to be 
manufactured when wanted. When dry it is apt to deteriorate from the presence of 
free nitric acid, which it is very difficult to completely remove in manufacture, 
When wet, gun cotton is perfectly safe, but can be fired only by a primer of dry gun 
cotton or other high explosive. Attention is required to keep the wet stock satu- 
rated, and the additional weight of water has to be transported. The dry cotton 
must be kept perfectly dry and separate from the wet. It is difficult to fuse gun 
cotton unless holes are left in the cartridge to receive the cap. _ 


Ammonal, an explosive recently introduced, is a mixture of ammonium nitrate 
and powdered metallic aluminum. It is one of the most powerful explosives known, 
and has, in a high degree, many of the most important requisites for military use. 
If produced commercially, and further experience with it does not develop objec- 
tions. now unknown, it promises to be one of the most satisfactory powders which 
can be found. In priming ammonal especial care is ngessary to see that the 
paraffin coating of the cap is intact, . 


A class known as Sprengle explosives consists of separate constituents, each non- 
explosive, which are combined at the moment of nse. The most common is rack 
a-rock, which consists of chlorate of potash, a dry crystalline substance, and 
nitrobenzol, a liquid. The chlorate is in linen tubes, which are dipped into the 
liquid when ready to be loaded. This explosive has been extensively used for military 
purposes in the Philippines and has given good satisfaction. Thedipping requires but 
a few seconds, after which the excess liquid is allowed to drain back into the con- 
taining vessel, about 15 minutes being required for this part of the operation, The 
cartridges may be had of any length and diameter desired. 
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103. The following isa list of well-known commercial powders suitable, with 
the conditions and restrictions heretofore given, for use in military mining: 


7 Pe : 
Dynamites. seeks Dynamites. ger. 
Etna powders, No. 1____--------- 45 |; Giant powder, No. 1 _--_---_-___ 75 
is se No. 2XX : 50 se cs. 40 
es £6 40 || Hecla, IXX _____ 75 
Atlas ss 75 || Hercules, IXX 75 
ef se 60 || Rendrock 40 
50 
46 
ns 66 
NIA 7” 40 
15 
40 


104. Care and handling of high explosives.—Such powders as have been de- 
scribed as suitable for use in military engineering operations are, when in sound 
condition, less liable to accidental explosion than gunpowder. It is tbe more dis- 
astrous result of a premature explosion, rather than the greater probability of its 
occurrence, that has caused high explosives to be regarded as especially dangerous, 
The following precautions should always be taken: 


Gun cotton should be kept saturated with 30 per cent of its weight of water. 
If not hermetically gealed, the packages should be examined once a month or oftener 
and resaturated. The cotton required for primers must be stored dry and kept 
free from moisture. The cakes may be dipped in melted paraffin. The dry cotton 
must be kept well apart from any other explosives and from caps. If dry primera 
are not at hand, wet cakes must be dried at a temperature not exceeding 120° F, 


All other powders should be stored in a cool, dry, shaded, and well ventilated 
space, The main supply must be well removed from the working points. 


Avoid-‘any unnecessary accumulation of powder at any other place than the 
magazine provided for it, and especially do not allow any powder to be stored near 
where caps are stored or where primers are made up. 


Keep fire away from the powder and the powder away from the fire. 


Do not use hard-metal tools in manipulating cartridges. Copper is the only 
metal that should be used. Wood is better. 


Keep cartridges free from sand or other gritty substance. 


Do not bend, strike, or heat 2 cap or primer. See that the paraffin coating 
of every cap is free from cracks or holes. The copper must be completely protected 
from contact with powder. Redip if necessary, keeping the paraffin in a water 
bath and only warm enough to flow freely. 


Be careful not to allow a pull to come on the wires or fuses attached to a cap. 


The exploder should not be connected to the leads, nor a fuse lighted until 
everything is ready for firing, warning bas been given, and time allowed for every- 
oue to get to a safe distance. Asa rule, the exploder should be used or the fuse 
lighted under the personal supervision of the responsible officer. . 


105. Firing devices.—The powders which will be used are all of the class which 
can be fired by detonation only. The detonating compound in general use is 
fulminate of marcury and all methods of firing involve the explosion of a small 
quantity of fulminate inclosed in a cap or fuse and placed in the charge. The 
fulminate is easily ignited and very violent, which qualities have determined its 
use, Itis unstable, corrosive, spoiled by moisture, and highly sensitive to shock and 
friction. Except strength, it possesses no characteristic which does not tend to unfit 
it for military purposes. It is used as a matter of necessity. 

Caps and fuses must be carefully handled, must not be assembled in consider- 
able quantities, and must be kept away from the explosive. 

106. Bickford or safety fuse is used to ignite the fulminate when electricity is 
not available. It consists of a powder thread wrapped with a waterproof tape, a 
double wrapping or double tape preferred. This fuse may be used in wet holes, but 
for under-water use it should have a continuous rubber coating. 
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Time fuse burns at an average rate of 3 ft. per minute, but the rate is not regn- 
lar, and when time is important the rate of burning should be tested. : 


Instantaneous fuse burns at a rate of 120 ft. per second. The taping of thig 
fuse is in a dilferent color from the time fuse and it is also covered with a netting of 
coarse thread, making it easily distinguishable by sight and touch, so that there can 
be no excuse for mistaking one fuse for the other, day or night. 


When it is necessary to splice different pieces of fuse of either kind, the enda to 
be joined should be cut obliquely, as indicated in fig. 168. Care must ba taken that 
the powder at the end of the cut does not fall out. The cut ends are placed carefully 
in juxtaposition, and before closing a few grains of powder should he dropped in and 
compressed between them. The splice is completed hy wrapping with rubber tape 
if available, otherwise with any material at hand which will keep the ends in con- 
tact in their proper position. It is obvious that this splice must be completely pro- 
tected from strain. 


When a line of fuse is to be branched into two the same principles are followed, 
the double splice being connected, as indicated in fig. 169, and the same precautions 
taken in making up. 


107. For firing by electricity 1 magneto-electric machine is used, the one 
most commonly employed being a Laflin & Rand Exploder, No.3. Its exterior 
appearance is shown in fig. 170. he handle A is raised to ita full height and 
depressed as forcibly as can be done with the hand. By a rack and pinion it gives 
rotation to an armature revolving in a magnetic field. At the end of the stroke, 
when the armature has its maximum velocity of rotation, the bandle closes a con- 
tact which shunts the current through the leads connected at the binding points b b. 
The case is 13 x 8 x 544 ins, and the weight 18 lbs. Its rated capacity is 12 
fuses, but not more than 6 should usually be connected. The lead wires should be 
insulated, though it is not absolutely necessary, as fuses have been fired through 
naked lead wires in fresh water. If short of insulated wire put all that there is-into 
one of the leads and make the other entirely of bare wire. The wire should be of 
copper, not less than 18 gage for a distance of 500 ft. For firings through’a greater 
distance, especially if more than one fuse is in the circuit, the leads should be larger 
or should be doubled for part of the way. 


108. Caps or detonators are of two forms, adapted for firing with powder fuse, 
fig, 171, or by electricity, fig. 172. In both forms the fulminate, usually mixed 
with nitrate or chlorate of potassium to reduce its corrosive action, is contained in 
a copper capsule. In the first form it is held in place by a wad of shellac, collodion, 
or paper, and the end is left open for the insertion of the fuse. The latter is cut off 
square, care being taken that the powder at the end does not sift out, and the cut 
end is inserted in the cap and pressed down snugly on the fulminate. A twisting 
motion which might scrape the fulminate must be avoided. The case is then crimped 
around the fuse with a special tool and the cap is ready for use. 


In the electrical cap, which is commonly called a fuse, the fulminate is held in 
place by a block of sulphur, or sometimes of wood, which fills the end of the case 
and also holds in place the terminals and the bridge of fine platinum wire which is 
embedded in the fulminate, the heating of which by the current causes the ignition. 
The lead wires are 30 ins. to several feet in length, as may be ordered. In quarry- 
ing, wires are usually made long enough to come out of the drill hole so that no 
joints are to ho made in the hole. Also, in blasting undor water, it is very desirable 
to.have the fuse wires long enough to come above the water surface. 


Caps are usually rated as follows: 


Single strength, X, 3 gr. fulminate; 

Double strength, XX, 6 gr. fulminate; 

Triple strength, XXX, 9 gr. fulminate; 

Quadruple strength, XXXX, 12 gr. fulminate, 
and so on, 


The strength of the cap makes a difference in the force of the explosion. This 
is greater for low-grade powders. For 40% dynamite, explosion by a 5 X cap is 15% 
stronger than bya 3X. For 60% dynamite, the difference is only 6%. The same 
result follows from a loss of strength in the samecap. A 6 X cap may by deteriora- 
tion become of the same strength as a3 X and will then produce an explosion 80 
much the less effective. It is yery,important to prevent deterioration of caps'and 
also to know whether they have deteriorated or not. Caps stored in a damp place 
deteriorate rapidly, With less than 0,25% of moisture the caps will not explode 


Field Fortification, 168-18 
-186 


pike 


412 ENGINEER FIELD MANUAL. 


dynamite, though they may still explode themselves. Single and double strength 
are best for mining. Triple and quadruple will give better results in demolitions, 


Caps may be tested by exploding them in a confined space and noting the report 
and the effect on the shell: A cap in full strength will tear the copper shell into 
minute pieces, while a deteriorated cap will tear it into larger pieces. z 


109. Simultaneous ignitions.—When a total blast is divided into a number of 
charges, it is important that all should go atthe sameinstant. This will not be easy 
with time fuse, and that method will not be used unless absolutely necessary. If it 
is used, certain precautions must be observed to avoid total failure. The fuse must 
be so laid that the total length from the firing point to each charge will be the same, 
It will be better to use time fuse to a common point near the charge, and instan- 
taneous fuse from there on, Figs, 173 and 174 show typical arrangements, The 
fuse need not be in straight lines, but must be laid out so that sparks from the bhurn- 
ing end can not reach any part in frontof it. Though not absolutely necessary with 
instantaneous fuse, it is well. worth while to make different neg as nearly equal in 
length as possible. 

In simultaneous ignitions by electricity, the fuses are connected in series; that 
is to say, they are all placed in the same circuit, fig. 175. A lead from the firing 
apparatus is connected to one wire of a fuse on one flank. The other wire of this 
fuse is connected to a wire of the next fuse, and so on, until the last fuse is reached, 
the second wire of which is connected back by a lead to the firing point. 


Figs. 178 and 179 show methods of jointing wires; the former, for temporary use, 
as a lead to a fuse wire; the latter, for more permanent use. The ends of the wires 
must always be brightened by scraping with a knife or otherwise. To insulate, 
wrap with rubber tape, lapping well onto the covering in both directions. 


110. Priming.—The cap is inserted in a cartridge, usually called a primer. 
Whenever reference is made herein to use of explosives in or near water itis to be 
understood that under all circumstances the cap and primer must be kept per= 
fectly dry. If but one primer is used, it should be placed near the center of the 
charge when the size and shape of the charge permit it to goin that position. [f 
the cartridges are placed In a drill hole, as in rock blasting and some demolitions, 
the primer is put in last with the cap end down. The cap may be inserted as shown 
in figs. 176 and 177, Fig. 176 applies to caps fired by train fuse and no other 
method may be used with such caps. The projection of about 1¢ to 14 inch of 
the cap case above the surface of the powder is to prevent the latter from taking 
fire from the sparks of the fuse and burning partially before the fuse goes, which, 
should it occur, will reduce the force of the explosion, or may cause complete failure. 


Primers must be prepared at a safe distance from the charge and from the store of 
caps and should be placed as short a time as possible before firing. 


111. Misfires.—In case of a misfire there is risk in approaching the holes for 
several minutes, if electric firing is used, and for several hours in case of firing by 
fuge. Rules to this effect are laid down where safety to human life is a paramount 
consideration. They should be recognized in military operations to the extent 
which circumstances permit, There is also danger in attempting to reprime a 
charge, especially if tamping must he removed. The danger is reduced by care and 
by avoiding hard-metal tools and appliances; if possible, the tamping should be 
removed with wooden tools. In any case, leave a few inches of tamping above the’ 
charge undisturbed, then place several sticks of powder and a primer on top of the 
first charge and fire again. When conditions permit, it is better practice not to 
attempt repriming, but to place a new charge in a position to do all or a part of the 
work of the first charge. 


The causes of misfires are various. With electricity, if none of the charge. 
explode, the cause is probably due to overloading the machine, or a short circuit in 
the leads, or a complete break. An effectual, but less probable, cause is deteriora 
tion of all the primers, If part of the charges fire and others do not, the cause will 
probably be found to be either a defective cap, due to moisture or a brokeu bridge, 
or a short circuit in the fuse wires, which prevents current going through one fuse 
but not the others; or the sensitiveness of the caps may not be uniform, and there 
may be one or more so sensitive that they explode and break the circuit before the 
bridges of the others have become heated to the point of ignition, 


112, Loading.—The charge should fill the chamber as nearly as practicable. If 
drill holes are used, they should be just large enough to permit a cartridge to alip 
down without jamming. In quarrying, cartridges are frequently slit open before 
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they are placed in the hole, so that with a slight pressure of the tamping rod, they 
spread and fill the hole completely. When large charges of free ranning powder 
are to be used, such as dynamite, jovite, and rack-a-rock, the cartridges may be 
opened and the contents put in bulk into another receptacle. As a rule, however, 
such charges wi!l be made up by bunching sicks or strings of cartridges, par. 123, 
and tying them together. The making up, and every possible detail of prepa- 
ration, should be done above ground, leaving as little to do in the mine aa possi- 
ble. Charges must not be made up into sizes or weights which can not be conven- 
iently carried through the galleries and placed in the chamber. 

The charging sbould be personally directed by the responsible officer, and if 
but one person can get at the charge at a time, he should place the powder himself. 
Sach illumination as may be necessary must be provided by closed lights, with 
effective precautions against fire. When the primer is placed in the middle of a 
bulky charge, the wires or fase must be led ont through the powder. Only instan- 
taneous fuse can be so used. If time fuse must be used, place the primer in the 
middle of one side of the charge 50 arranged that it must go before any sparks from 
the fuse can set fire to the powder. 


When electric firing is used, the wires of each fuse should be twisted together at 
the end: to prevent the possibility of a chance current going through the fuse and 
for identification for connecting to each other and to the leads. Care must be taken 
that at uo stage of the loading or tamping is a strain brought on any fuse or fuse 
wires, or any injury done to their covering;. 

113 Tamping is less important for high explosives than for gunpowder, since 
the former do a fair proportion of their work without tamping, while the latter does 
practically none. Light tamping is desirable, however, and may consist of the exca- 
vated earth replaced in the communication next to the chamber to a distance of 6 to 
10 ft. The use of high explosives facilitates tamping, because so many charges can 
be place in drill holes, which are easily tamped. 

For drill holes in rock which will holdit, water is the best. possible tamping, other- 
wise sand or stone dust may be used. If the hole points upward, the top should be 
covered with a board or thick hrash to stop the tamping which is blown ont like a 
projectile. If neighboring ground can not be cleared for firing, the entire surface 
of the probable crater should be mazked by brush or timbers piled upon it, and 
weighted down if necessary. 


114. Effects of explosion.—It may be assnmed as sufficiently exact for prezent 
purposes that charges of the same explosive develop total energies directly propor- 
tional to their weights. This energy is exerted in all directions in compression of 
the surrounding medium. The distance at which this disturbance remains sufficient 
to destroy galleries is called the radius of rupture, R. R. The surface joining the 
ends of these radii is called the surface of rupture. If the charge is large enoagh. 
further relief of prezzure is afforded by the bodily displacement of a part of the sur- 
rounding medium on the side which presents the shortest distance from the charge 
to the surface. The relief of pressure on one side shortens all radii of rupture which 
have a component in that direction, but does not appreciably affect those which have 
no such component. Hence, when material is dizplaced the surface of rupture is 
ellipsoidal; when no material is displaced it is spherical. Fig. 163 illustrates ina 
very geueral way the supposed relations of craters and radii of rupture. It is not 
based on exact data. 


The space lett by this bodily displacement of material is called a crater. The de- 
termination of the crater which a particular charge in a particular place will produce, 
or of what charge must be put in that place to produce the given crater, or where a 
given charge must be placed to produce a desired crater, are problems constantly 
arising in military mining. 

Fig. 162 shows a cross section of a typical crater in earth. The position of the 
charge is indicated; 4B is the surface of the ground; CD is the line of least resist- 
ance, commonly designated L. L. BR. or, in formulas, 1; DE iz the crater radius, 
and CE the radius of explosion. All the elemente of the crater are reckoned with 
Tespect to the position of the charge and the opening of the original ground surface. 
This opening for level ground is circular in form and is approximately the intersec- 
tion of the spheroid of rupture by the gronnd surface. 

Craters are designated as one-lined, two-lined, etc., accordingly as the diam. iz 
once, twice, or three times the L. L. R. A two-lined crater is also called a common 
mine; les: than two-lined, andercharged; and more than two-lined, overcharged. 
A mine which does not break the surface is called a camouflet. 
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- When a crater is formed, the part of the total work of the charge represented in 
crater effects is assumed to be proportional to the volume of earth actually moved. 
Asa part is thrown vertically upward and falls back loosely into place, fig. 162, the 
hole actually left does not represent the earth moved. The total volume moved igs 
assumed, from many experiments, to be represented by the frustum of a cone, 
shown in section in fig. 162, having the crater opening for its larger base, a circle of 
the diam. L. L. R. for its smaller base and L. L. RB. for its height. For each cubic 
yard of volume of such a frustum a certain weight of explosive is allowed and itis 
thus that the corresponding weight of charge is ascertained. The unit weight is 
the quantity of powder required to throw out one cubic yard. It has been experi. 
mentally detcrmined for gunpowder and is deduced for other, explosives from their 
corresponding intensities, 


The crater volume, or volume of the conical frustum, fig, 162, may, for any 
given ratio of height and crater radius, be expressed by the cube of the height, 
L. L. R., multiplied by a numerical constant and hence the weight of explosive 
required to produce a crater of corresponding proportions may also be expressed by 
@ multiplied by a constant. The constant varies with the charac ter of the material, 
as well as with the proportions of crater. 


115. Table II gives constants for various classes of materlals and for craters from 
1 to 6 line, the former practically a camoufiet and the latter the largest that can be 
depended upon for results. The table also gives constants from which the R, R. 
may be determined. 


The weight of charge may be determined from Table II. It is to be noted that 
the user of this table must exercise his judgment in classing the soil under the head- 
ings given, so that it can not be said that the table gives charges absolutely. If the 
mine is important, powder not scarce, and no information has been obtained from 
actual firings in the soil, the tabular charges should be increased 104 for large quan 
ties and 50% for small ones. It is to be remembered that while if more powder than 
necessary is used the excess may be said to be wasted, if less than the proper 
amount is used not only is the total quantity used wasted, but the time and labor 
spent in getting it into place are also wasted and the opportunity to gain advantage 
by successful firing is lost. In all uses of explosives in mining the maxim for the 
first charge should be, do not spare the powder. On the other hand, every 
charge fired should be carefully observed, and whenever it is ob vious that more pow- 
der than necessary has been used advantage should be taken of the experience 
gained to economize powder in future firings. The worst mistake that can be 
made is having the first charge too small. 


116. Land mines.—This term is applied to mines or groups of mines usually 
formed by excavation from the surface and designed to be exploded at the moment 
the enemy is over them. Such mines are usually employed in front of defensive 
positions and in connection with visible obstacles. It is not permissible to plant 
such mines in any ground which is not obyiously prepared for defense. Any per- 
son who ventures on space so prepared doesso at his peril, but if there is a road or 
path open to passage through such ground mines must not be placed therein, or in a 
place where the explosion would injure persons occupying the road. If any 
defensive works or recognized obstacles are thrown across the road, indicating that 
it is closed to traffic, the road may be mined to a reasonable distance in front of them. 


The charges are placed deep enough only to avoid artillery projectiles. If no 
artillery fire is to be expected they may be placed just under the surface. If a bore 
hole is sufficient the charge is placed at the bottom and the hole well tamped. If 
an open pit is dug the mine chamber should be in firm ground at one side and the 
hole back-filled and well rammed, 


The depth fixed, the charge may be adjusted to give a 2 or $line crater. The 
mines may be in one or more rows, Two rows, 30 to 40 yds, apart, are ‘a good 
arrangement. The intervals between mines in a row should be such that the craters 
will nearly but not quite join. The positions of the mines should be concealed as 
completely as possible and further sophisticated by disturbing the ground slightly at 
points where there are no mines and s0 situated as to suggest a systematic arrange- 
ment. 


A fougasse is a land mine in which the volume of the crater is artificially pre- 
pared to increase its range andeffect. Fig. 166 shows the form which has been most 
used. The earth excavated must be piled around the pit, asshown, and well tamped, 
to prevent the charge blowing out behind the stones. It is not necessary to under- 
cut the bank as shown in the section. If the soil will not stand it may be thrown 
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out to its natural angle and back-filled and tamped against the stones. A charge of 
25 Ibs. should scatter a cu. yd. of stones over an area 200 x 100 yds. 


This form ia difficult to conceal and very easily destroyed by the enemy’s fire. 
Another form, with the axis vertical, is shown in fig. 167. It is possible to conceal 
it by sprinkling earth over it, and an automatic firing device may be used with it, 
which is not practicable with the inclined form. 


117. The igniting means may be instantaneous fuse or electricity. Fuses or 
wires should be laid in trenches 1 to 3 ft. deep. Mines are classed with respect to 
the method of firing as Judgment and automatic. Judgment mines are con- 
trolled from a firing point and can be fired only at the will of the operator. Auto= 
matic mines are arranged to be fired by the disturbance of some apparatus in or 
near them. Automatic and judgment firing are often combined for the same mines. 
If firing by cap, the automatic firing device takes tbe form of a mechanical 
trigger, which may be operated by the pressure of feet on the ground over it, or 
by the pulling of a wire stretched along the line at such height as to be tripped by 
the feet. With electric firing this device is called a circuit closer, and the actua- 
ting force operates to close a contact which completes a metallic circnit from the 
battery to the fuse. 


Planting and operation of land mines will ordinarily be the work of technical 
troops supplied with approved apparatus. 


118. Mine tactics.—In siege operations mining is done at close quarters, and is, 
or should be, opposed by countermining by the enemy. There is then a double pur- 
pose in view; to reach the original objective by placing the charge where intended 
and firing it, and while so doing to detect and circumvent any attempt of the enemy 
to interfere, or to prosecute any enterprise of his own. 


The only information of neighboring operations which is obtainable results 
from the sound of working carried through the earth. In compact soil an ordi- 
nary blow of a pick can be heard at a distance of 40 ft. and the most careful working 
is audible to a distance of 20 ft. Other sounds, such as rumbling of trucks and 
especially tamping, can be heard farther. These distances vary with the character 
of the soil and the skill of the listener. When more than one gallery is driven they 
should be parallel and not farther apart than twice the range of hearing, so that 
an enemy’s gallery penetrating between them. will be heard from one or both, 
Returns may be run out from the extreme galleries to detect the sound of working 
on the flanks. Such galleries are called listeners. They should not be large. 


Efforts must be made to detect the enemy’s working and to avoid, so far as possible, 
giving him like information. At occasional and irregular intervals all work should 
cease, all extraneous sounds be cut off, and men with quick and trained hearing 
should listen for sounds of working and estimate the distance and direction. A map 
of the galleries should be kept, and whenever two headings are approaching, listen- 
ing should be done in them and the estimates made by the men compared with the 
measurements on the map as a check on the range of heariug. Accuracy of percep- 
tion of the sounds may be tested by tapping messages across. 


When hostile parties have approached within destructive range of each other the 
one who fires first is the winner, but the nearer he is, or the longer he holds his fire, 
the more complete the victory. Each party will be on the alert to discover when 
the other party is getting ready to fire,and hence the greatest care must be taken 
to sophisticate the sounds connected with loading. Digging should continue at some 
point near the end, and all movements of trucks or other operations which make a 
noise should be continued not less frequently and certainly not more frequently than 
during the digging. Especially should tamping be cautiously done. The most 
probable mistake is premature firing, and it should be impressed upon all con- 
cerned that it is better to come into actual collision with the enemy’s miners 
than to fire prematurely. . 

Galleries are much more vulnerable to a side than an end attack. If the enemy’s 
heading can be located, an attempt should be made to get a position on one side of 
his gallery. The best position is nearly abreast of the end, a little in rear, so that 
if he is still digging a considerable length of his gallery will be destroyed, or if he is 
loading or loaded his mine will be exploded. © 

For long galleries the difficulties of ventilation and earth disposal may make it 
advisable to take a new departure. The heads of galleries are brought on a line, or 
nearly so, branches ruu forward from each so as to end at intervals of 144 times the 
depth below the surface, charged for common mines and fired simultaneously. An 
elongated crater is produced, which becomes a lodgment for new galleries as well as 


416 ENGINEER FIELD MANUAL. 


an advanced parallel in any system of surface approaches. The old galleries are 
reopened to form rear communications. It has frequently happened that entire 
underground operatious have been directed to the single purpose of forming such an 
advanced trench in a position which could not be reached on the surface. 


It will rarely bo possible to get close enough to do serious damage with a camouflet, 
though in some cases it might be advantageons to avoid breaking ground at the 
surface, The maximum camouflet charge— 4 to 14 of common mines—gives an H, 
R. RB. somewhat less than the L. R. R., which will usually be not more than 15 ft, 
while a 6-line crater has an H.R. R. of & times L. R. R. As countermining will 
usually result in a crater, consideration muat be given to its situation with respect 
oe surface work, so that it will be an advantage if possible and certainly not 
a detriment. : 


DEMOLITIONS. 


119. Military demolitions have for their purpose to destroy or make unserv- 
iceable any object in the theater of war the preservation of which would be unfa- 
vorable to the army or favorable to the enemy, excepting always objects neutralized 
by international convention or the laws of war. zi 


The principal objects of demolition may be divided into two general classes, viz: 


Natural or artificial objects having no intrinsic or permanent value, such 
as accidents of ground and structures of purely military character; and 


Natural or artificial objects having intrinsic or permanent value, or adapted 
to useful purposes in time of peace, such as buildings and communications. 


Demolition is permissible only under a military necessity. For the firat 
class of objects above the military necessity is obvious, since the destruction is aimed 
directly and exclusively at the enemy’s fighting efficiency. 

For the second class, the destruction affects others besides the armed enemy, and 
for this class the existence of a military necessity justifying demolition can not be 
presumed but must be determined at the moment, and the amount and character of 
destruction or disablement explicitly ordered by competent authority. 


Demolitions of a local character, which have no effect elsewhere, may be made on 
the order of the immediate commander, as may algo demolitions of a more serious 
character, but which are necessary to the safety of a local force. For example, a 
small force in retreat may interrupt a bridge to avoid capture, but the destruction 
should go no farther than is necessary to produce the result immediately desired by 
detaining the pursuers long enough to enable the pursued to make their escape. 
Demolitions which are intended to, or in their ultimate consequences may, affect a 
larger force or a greater territory, must be ordered by the commanding general of 
an army or other force operating independently. In case of doubt, orders should 
be sought from the highest accessible commander. An officer upon whom work of 
demolition is devolved should, if not provided with proper orders, ask for them. 


120. Methods employed.—Demolitions may be made by fire, by mechanical 
means, or by explosives. Fire is the only recourse when absolute destruction is 
necessary, a8 in case of food supplies, munitions of war, structural materials, etc. 
Soluble matter, as gunpowder, sugar, salt, etc., might be destroyed in water, but 
this method is laborious. Burning is equally effective and much easier, For quick 
results with slow-burning materials a quantity of highly combustible stuff must be 
collected. A small fire gains headway very slowly and much time is lost. Care 
muat be taken that the fire does not spread to objects not intended to be destroyed. 


121. Demolition by mechanical means is too simple to require, and too varied to 
permit, detailed description. Reference is made to a few cases in which the best 
method may not be obvious. 

Abatis is difficult to destroy. If the trees are dry, time suffices, and concealment 
is not essential, fire is best; otherwise, if working from the front, cut up and carry 
away enough trees to make a passage through. If working from the rear, loosen 
the fastenings of the butts and haul away bodily with ropes. 

Wire entanglements must be cut with nippers, the more and shorter the pieces 
the better. Wire may be cut with an ax or machete if a block of wood is held 
behind it as an anvil. Trous de Ioup are leveled by shoveling the walls into the 
pits, or bridged with planks, fascines, or other materials. 

Palisades and stockades may be cut down with axes or saws, or the earth may 
be dug away from one side and the logs pulled over. 
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Railroads.—Operations may be directed against rolling stock, bridges, culverts, 
tannels or track, or accessories, such az water stations, telegraphs. 

Locomotives are temporarily disabled by removing valves or other small vital 
parts; permanently, by building a fire in a dry boiler or by detonating a charge of 
explosive in the boiler. In haste, piston or connecting rods, links, etc., may be 
destroyed by explosives, or a hole may be blown in the bottom of the tender tank. 
Cars may be burned or wrecked by collisions or derailment. The best places are in 
deep cuts or tunnel:. A head-on collision in a tunnel will put it out of use for some 
time. 

Wooden bridges may be burned or small ones may be pried off their seats by 
levers or dragged off with tackle. i 

Track may be destroyed by taking it up, burning the ties, heating the rails on 
the fireaand twisting them with bars through the bolt holes, with a chain and lever, 
or a hook and lever, fig. 167a. Twisting is much better than bending, as twisted 
rails must be re-rolled before they can be used. The rail should be hot for the 
greater part of its length, so as to take a long twist. A quick track demolition 
requiring considerable time to repair, but not injuring the track material, may be 
made by loosening the ties over a atretch of track, taking off the end fish plates, 
putting a line of men along one side, two men to each tie, and turning the track 
over bodily. This plan works best on a high embankment, 

Telegraph lines are temporarily disabled hy breaks, in which the wires are cut, 
grounds, in which the wires are connected to the ground, and crosses, in which a 
metallic connection is made between the wires. A ground may be made hy con- 
necting a wire to the rail or to a baror plate of metal in dampearth, Copper is best. 
A connection with water or gas pipe forms a ground. All faults should be carefully 
concealed from view, so as to prolong the time necessary to locate them. Ifa raid is 
made on a telegraph office, remove the instruments, bare and brighten the ends of 
all wires, and tie them together with a wrapping of brightened copper wire. In- 
coming and outgoing wires should be tied separately. 

To destroy a telegraph line cut down and burn poles, cut and tangle wires, 
and break insulators. 


122. Demolition with explosives.—Handling, priming, and firing explosives 
for demolition purposes are done as already described in pars. 104 to 113. Bickford 
fuse will be generally used in such work. Simultaneous ignition at long distances 
from the firing point should not be attempted unless a battery and electric fuses aro 
available. In such cases the charges should be so arranged that the plan will not 
fail even though all charges do not go off at once. Proper charges and the best way 
to place them will be indicated for the most frequent and important uses. 


123. Weight of explosives.—Ali calculations of weights of charges are based on 
the use of an explosive equal in strength to a50<dynamite. A stick will be under- 
stood to mean a cylindrical cartridge 144 x 8 ina., which will weigh approximately 
0.61b. A chain will be understood to mean a number of such sticks end to end, 
in close contact, and is taken at 1 1b. per running ft. The cartridges of a etring will 
usually be attached to a rope or pole. When twoor more strings of cartridges are to 
be used they may be lashed to the same support. In all the following formulas C 
represents the charge of 50¢ dynamite, or its equal in strength, in lbs.; d, the 
diam. in ft.; B, the breadth of the section to be ruptured, and T and ¢ the thickness 
in ft. and inz., respectively. 


124, Timber.—A charge of 1% Ib. per sq. ft. of sectional area, placed in holes in 
the same cross section, will cut oft trees and reund or squared timbers of usual pro- 
portions. The holes should be tamped with clay behind the cartridges. One 2,3, and 
4 sticks, figs. 180 to 182, will cut off trees or poles 13, 19, 23, aud 27 ins. diam., respect- 
ively. The center of the charge should be at the center of the section. If the holes 
meet, one primer at the middle will do. If they do not meet, aa will usually happen 
in large trees, a fuse for each hole is required and simultaneons ignition. If firing 
must be done with time fuse, it may be well to charge and fire one hole, then bore 
fone the soundest part remaining, charge and fire it,“and go on, until the 


A round timber not over 12 ins. diam. may be cut by a chain completely encir- 
cling it in the same plane. It must set snug against the wood and should be fired 
with primers on both sides. 

Such a charge fired 3 ft. under water will cut any pile or trestle leg likely to be 
encountered. Close contact is not so necessary under water, and it is convenient to 
lash the charge to a wire ring or to a band or hoop and slip it down. 
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For squared timbers the charge is placed in one or more holes parallel to one 
face. The direction will depend on the dimensions of the timber as compared with 
the length of a stick. The holes should not go entirely through and should be some- 
what deeper than the stick is long to allow of tamping. Broadly speaking, the hole 
should be bored in the direction of the dimension which is nearest 12 ins. for whole 
sticke or in the direction which is nearest 8 ins. and charged with 44 sticks, 


It may be necessary to cut bridge timbers when there is not time to bore. The 
charge required is 4 Ibs. per sq. ft. of section, and may be placed as a chain around, 
if square or nearly so, or if the piece is thin as compared with its width, across one 
long side. 


Stockades and stockaded walls or palisades are destroyed by strings of car- 
tridges covering so much of their length as it may be necessary to break down. The 
cartridges can not be got close to the wood except in the case of square timbers, and 
more powder is required than the actual cross section of wood calls for. Besides, it 
may not be known what the construction of the stockade is or what strength it may 
have from braces or other reenforcement. 


The charge is best placed along the foot of the wall and should be tamped, 
especially in the intervals between timbers. So far as its flexibility suffices, the string 
should be bent to fit the contour of the logs as snugly as possible, 


If the demolition is deliberate and the structure can be examined, 1 or 2 strings 
well placed and tamped will throw down a single wall or one side of a double wall. 
If the work is to be done under fire, determine the minimum length of breach 
actually required and place and fire a charge of 4 strings tamped as well as conditions 
permit. 


125. Masonry.—For ordinary walls, the charge per running foot varies with the 
square of the thickness, or C=0.85 T2, The charge should be laid in chains along 
the foot of the wall, fig. 183. If a tamping equal in thickness to the wall is placed, 
fig. 184, the charge may be reduced 34. If beside the tamping a groove is cut to 
hold the charge, fig. 184, the weight of the powder may be reduced 14, 

The following table shows the number of chains required. to throw down 
walls of usual thickness: 


Number of chains required. 
Thickness 
of wall. 
& d and 
Not tamped.| Tamped. padlinty 7 

Ins. 
13 1 1 1 
18 2 2 1 
22 3 2 2 
26 4 3 2 


The walls of a house may be blown down with charges taken from the above 
table. It is sufficient to charge the walls between windows only, preferably inside 
and with tamping. In hasté, one or more charges of 50 lbs. in a central position will 
demolish the house. : 


Retaining walls and bridge abutments should be charged at the back and low 
down. A trench is opened the full width of the back, or a shaft may-be sunk and a 
gallery driven along the back. The charge is tamped with part of: the excavated 
material. In cage of a retaining wall it may be found easier to mine under it and 
place the charge from the front. 


‘When a retaining wall supporta a road both may be demolished by 8 common mine 
placed as indicated in fig. 187, L. L. R. being taken at $ the width of roadway. 


Locks should be attacked at the miter sills, the lower first. Start the gates open 
slightly and place a concentrated charge between them. and the upper edge of the sill. 


126. Masonry bridges.—A single arch (Roads, fig. 17) is best attacked by charg- 
ing across the extrados at the haunehes, or across the crown, fig. 185. ‘The charge 
should be 14 more than for a wall of the same thickness. Both methods require dig- 
ging, and if the spandrel filling is of masonry, the former ig scarcely practicable, 
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Both methods also interrupt traffic on the bridge which it may be important to use 
until the last moment. A thin arch may be broken by a heavy charge exploded on 
the roadway at the crown. It should be tamped by throwing a mound of earth over 
it. The charge should be not less than J? Ibs. per running ft., 7 reckoned from 
surface of roadway to soffit of arch. 


The charge may be placed in a trough and suspended under the crown. The sides 
of the trough should make 60° angle. Planks 1% ina. wide will make a trough to 
hold 36 chains of 114 cartridges or 36 Ibs, to the running ft. If the number to be 
used will not completely fill the trough, earth must be placed in the bottom so that 
the top tier of the cartridges will project slightly above the edges of the boards. 
The trough must not be allowed to sag away from the arch at the middle, If neces- 
sary, truss it up, figs. 216-219, Bridges. 


Primers should be placed 3 or 4 ft. apart in the middle chain of the top tier and 
the wires or fuse led out through notches in the sides, 


A bridge of more than one arch is usually most easily attacked at the piers. 
The destruction of one pier throws down two arches. The charge should be placed 
where the pier is the thinnest and should extend across one face. If possible, a 
groove should be cut in the pier, fig. 186, or irregular voids made by prizing out 
stones from the same course. This lessens 7, partially tamps the charge, and fur- 
nishes a convenient support, which must otherwise be provided in the shapo of a 
shelf, trough, or other device. 


127, Metals,—As soft steel so greatly predominates in structural work, statements 
under this head will relate to that metal. 


All charges will be external, as drilling or boring is not practicable. The standard 
formula is O=2.5 Bé?,in which C=the charge in lbs., B the width of the section iu 
a and ¢ ita thickness in ins. The charge must extend entirely across the plate or 
sheet, 


The following table gives the charges necessary to cut through a plate | ft. wide 
and of the thickness given. It is computed from the above formula for 50% dynamite. 


: Charge of : Charge of 
Thickness Thickness 
of plate. 50% dyna- of plate. 50% dyna- 


mite, tite. 

Ins. Lbs. Ins. Lbs. 
0.16 1% 3, 90 

0. 62 1% 5. 62 

A, 1.40 2 10,00 
2.5 3 23. 50 


A single chain will cut a plate up to54in. thick. Two, 3, and 4 chains will cut 
plates of 74, 114, and 114 ins. thickness, respectively. The charge must be held 
snugly against the plate by a piece of plank, lashed or wedged, and whenever possi- 
ble, must be tamped¢ For structural shapes figure the width as the sum of web 
and flange widths, and the thickness as the area of cross section in sq. ins., Bridges, 
18-19, divided by this sum. 

The charge should be in three parts—one on the web and one on each flange. For 
channels, angles, and Z bars, the entire charge may be on contiguous surfaces, figs. 
188 to 190, and one primer will suffice. For I beams the flange charges should be on 
the outside and three primers are necessary, fig. 191. 

As one chain will cut up to 5 in. thickness, and 2 chains up to 7% in., the choice 
will usually lie between the two, es few pieces of structural steel will be found with 
greater thickness than 7% in. j : 

For lattice girders, diagonals, and posts, all the longitudinal members should 
becut. For plate girders, fig. 192, the web and both flanges should be cut. If 
short of powder, cut the lower flange and lower partof the web. Fora box girder, 
fig. 198, figure all four sides as plates. If powder is scarce, omit the top. For a 
beam girder, fig. 194, figure the flange charge for the combined thickness of boam— 
flange and plate. . 


128. Cutting bridges.—Wooden trusses are best cut near the middle of the 
lower chord. Steel trusses and girders, if a complete fall is desired, should have 
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every member cut on the same cross section. Continuous girders or trusses must be 
cut near the end of the shore spans opposite the abutment, as at CO, fig. 195. 


Metal girders and trusses are better cut near the abutments, where the cross 
sections of chords and flanges aresmaller, Where members meet or cross, as at panel 
points, etc., it is usually possible to place charges in a more or less acute angle and 
then tamp by throwing earth upon them. The effect of the charge in such a situa- 
tion is ‘always greater than if placed against the side of a single member, and, unless 
the panel points are of very massive construction and so complicated as to make the 
effect of the charge uncertain, it will be better to choose them as the location for 
cutting, remembering that a complete rupture of the entire cross section of the 
bridge is the object in view. Panel points and intersections will be selected so 
as to attain this object with the smallest number of charges. Figs. 196 to 199 show 
locations of charges for trusses of different form which meet this condition. 


A cantalever bridge should be cut over the towers, with especial attention to the 
complete rupture of the top chords. 4 


Wire cables of suspension bridges are difficult to cut. The best place to work 
is between the cable and the top of the tower, near the saddle. There are no reliable 
data as to charges required. A French formula gives C = 0.42 é, in which ¢ is the 
diameter of the cable in inches. Assuming the cable to be 2 plate with a thickness 
and width which is equal to d, the plate formula becomes C = 0.21 8. Assuming 
the cable to be equivalent to a plate with a width equal to its circumference and 
thickness equal to its radius, the plate formula becomes C = 0.16 é3. It is probable 
that the last formula will giye a charge whlch will weaken the cable at least, so 
that it will part under the dead load. For a cable of eyebars the charge is com- 
puted aa for plates and placed between the bars. 


129. Railroads.—To interrupt traffic rails may be cut and frogs and other parts 
of switches broken. A stick fastened against the web of a rail up to 70 Ibs. will cut 
agap in it about a foot long; if the charge is tamped, a heavier rail may be cut. 
Such a cut: may be made to produce derailments, but for other purposes two charges 
should be fired on opposite sides and a few feet apart, which will blow out a piece 
and distort the ends, 


A stick in the groove of a frog and covered with ballast will wreck the frog. A 
stiok between two rails, as, for example, a track and a guard rail, or the main line 
aud switch rail, will cut both. In such a situation tamping is easy and should 
always be done. 


130. Rock blasting.—For maximum effect, it is desirable to get the axis of an 
elongated charge as nearly as possible at right angles to the L. L. R. This is easier 
done when the mass of rock presents two surfaces, as a top and side, fig. 200, when 
the holes can be drilled vertically from the top with the L. L. R. measured to the side 
face, called in quarrying the breast. When the mass of rock presents an inclined 
face, which is the most usual case, a vertical face is secured and maintained by suc- 
ceasive rows of holes, increasing in length, fig. 201. 


A wide range of conditions of hardness and stratification doea not permit any fixed 
rules for number and location of charges. In stratified rock of medium hardness the 
depth of hole, d, fig. 200, may be 134 times the L. L. B., 1, and the holes in the row 
may be at a distance, J, from each other. For hard granite rocks? must be 4% d or 
even less, The depth of tamping, v, should not be less than 134 times the length of 
charge, h, and h should not be more than $d, If the length of charge—the weight 
of which may be taken from Table II—is more than 2 d, the holes should be closer 
together in the row, or the distance from the face diminished, or both. 


When there is but one face, as in tunnel work, the holes should be drilled at an 
angle, fig. 202. The harder the rock the greater should this angle be, within the 
limits of convenience in drilling. Figs. 203 and 204 show a good disposition of drill 
holes in the face of elliptical and rectangular tunnels of small size. The black dots 
are the positions of the holes in the breast and the dotted lines show the direction 
and length. The central group should be fired first. These are called breaking-in 
shots and produce a concave breast which facilitates the throwing out of rock by 
the remaining shots, 

Tunnel work is necessarily progressive. The first loading may be done according 
to the rules already given. The effect is to be carefully noted, and the number, 
direction, and depth of holes, and weight of charges so modified as to produce the 
desired results. 

Tt the stratification is very pronounced, amounting to fissures, drill holes should 
be driven wholly in one layer, not lying in or crossing a fissure. 
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131, Ice can be removed by blasting if there is a current to carry the loosened 
blocks away and clear water near to receive them. Theo connection with the shore 
should first be broken. Small charges rather close together are necessary; on the 
surface covered with earth if the ice is thin, in drill holes if very thick. Thig work 
will be progressive, and charges, distances, etc., can be determined by trial better 
than from any rule. 


TasLe J.—Areas in sq. ft. of parapet sections for certain heights and widths. 


Height of Horizontal width of superior slope in feet—a, 
parapet ‘ 
in feet 
=h. 2 24 3 4 5 6 10 12 4 


8.35 | 9.52] 10.55 | 11.44] 13.60 fj 
15. 84 | 17.84 | 19.70 | 21.62] 26.90 . 
25.33 | 28.16 | 30.85 | 33.40] 42.20] 45.84] 48.76 
30.82 | 34.27 | 87.17 | 40.14] 50.60] 55.07] 58,82 
36.82 | 40.48 | 44.00 | 47.38] 59.69) 64.80] 69,88 
50.51 | 54.80 | 59.15 | 63.36! 78.80] 85.76 | 92.00 

fae ------.| 76,30 


__-| 205. 30 | 226.50 | 235.10 
ee eS 269.90 | 288.48 | 306,34 


ADDENDUM, 1907. 


22a. Figs. 205 and 206 show an infantry redoubt recently built at Fort Riley, 
Kans., for test purposes. It embodies some of the latest approved features of such 
works. 

There ig a tendency to limit the nse of redoubts to the strengthening of key 
points. In other situations their depth must be restricted as much as possible, s0 
that the redoubt resembles a trench of unusual strength. Overhead cover will 
always be an important feature. 
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ADDENDA, 18098. 


9a, Certain changes in the consensus of military experta in the matter of profiles 
of infantry trenches must be noted. These changes rest upon principles which 
have been stated in former editions but have not heretofore been embodied in typical 
profiles. 


Foremost among them is the increasing weight given to concealment from 
view and the sacrifices of other desirable conditions which are thought to be justi- 
fied to secure or preserve such concealment. There is also to be considered the 
greater depression angle of lines of vision made possible by balloon reconnais- 
sanice. 


Of the principal conditions set forth in paragraph 8, only the second, third, and 
fourth appear to require modification. When the parapet is not screened from view 
it can be seen more clearly and at greater distance if it presents marked difference 
in the inclination of its planes. For this reason it is now thougbt that the exterior 
slope, instead of being made ‘‘ as steep as the material of which it consists will stand,”’ 
would better be as flat as the supply of material and the labor of placing it will 
permit, and the superior and exterior slopes should either be merged or make a 
small angle with each other, and in the latter case should be joimed by a curve. 


As the new profiles are characterized by lower and wider parapets, the minimum 
thickness to resist penetration will seldom be a controlling factor. 


An ample elbow rest is now considered very desirable. A foot wide and a foot 
deep are generally accepted dimensions, but when the trench is occupied each 
soldier may be allowed to adapt the elbow rest in front of him to his individual re- 
quirements. 


9b. The importance of overhead cover is more generally recognized than for- 
merly. In actual trench construction it is not so difficult as it would appear. The 
Hp titest possible cover is better than none. Among the first thoughts of an 
officer who becomes responsible for intrenching a line of troops should be the kind 
and quantity of material for overhead cover which is in reach and how it can best 
be utilized. Fig. 212 shows the general features of a design simpler than the forms 
heretofore proposed in this manual. 


9e, It is noted by our observers of the Manchurian war that the lying trench 
was seldom if ever used. The lying trench still appears to be the best way to ob- 
tain slight cover under hot fire with a minimum of casuaities not only because 
it involves leas digging, but also because the men are less exposed while digging and 
are partially protected from the beginning of the work, and the use of the lying 
trench may yet be advisable for our Army. It is premature to relegate this form 
to oblivion, Normally, the first objective will beasimplestanding trench. Lying 
and sitting forms will be used only when a standing trench is so difficult of construc- 
tion as to be impracticable. However, the principles of the construction of the 
lighter forms and their conversion into stronger forms should not be lost sight of. 


When a natural screen is available and the fire not too annoying, the profile shown 
in fig. 207 will give good cover in a short time. When no screen is available and 
the command is under fire, or likely to be s0, fig. 208 is probably the best form. 


9d. The type profiles shown are those which represent proper solutions of the 
problem under average conditions. If actual conditions are exceptional, the ex- 
ceptions should be_accounted for in the profile. Thus the existence of a screen of 
grass might determine a profile which is a compromise between figs. 207 and 208, 
the exact arrangement depending on the height of the grass, or a slightrise of ground 
in front calling for a oe command might result in the adoption of a profile based 
on fig. 209, but with a higher parapet and shallower trench, utilizing in the para-~ 
pet part or all of the volume of earth marked “‘ to be wasted”? in fig. 211. Type, or 
average condition profiles having commands of 1 to 244 feet, increasing by steps of 
one-half foot, are shown in figs. 208 to 214. Taking the earth from the entlre 
width of trench and distributing it over the entire width of parapet in the easiest 
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and most natural manner should produce nearly the desired profile. With the in- 
terior crest of proper height and the base of parapet of proper width, a general slope 
from the crest to the outer line of the base, a little full or convex upward in the 
tear or higher half and a little slack or concave upward in the front or lower half, 
will give an excellent profile. The elbow reat only requires especial attention, This 
may be formed as the parapet goes up or may be cut after the parapet is finished, ac- 
cording to couditions and the preference of the builders. The elbow rest, while 
most desirable, is not essential, and if under fire or if the earth does not stand well 
it may be omitted and an interior slope formed as in the older profiles. 


12a. When the distance between firing and cover trenches is sufficient, the com- 
municating trench may be given a zigzag trace somewhat as in fig. 119, but 
with the returns or extensions at the angles perpendicular to the general direction 
of the trench or approximately bisecting theangle between the adjacent legs, Count- 
ing from the firing trench, the first of these returns may be set apart asa rear, the 
second as a dressing station, and the third as a signal station. 


20a. The simplest redoubt is an infantry trench inclosing the area selected, with 
communicating trenches, as described in 12a, ante, joining the front face which cor- 
responds to the firing trench and the rear face or gorge which corresponds to the 
cover trench, All the instructions for siting in paragraph 20 apply except that it is 
not worth while to make any sacrifices to secure straight lines, and a profile giving 
surplus earth should be used, which surplus should be thrown tothe rear to obtain 
some cover against reversefire; this especially at the returns for dressing stations, 
etc., as in case of an attack from the rear the functions of the various parts are re- 
versed; that is, the cover trench becomes the firing trench, the firing trench the cover 
trench, etc. 
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PART VI-—ANIMAL TRANSPORTATION. 


1. Animal transportation for the Engineer service is divided into wheel and 
pack transportation. In wheel transportation, the wagon is the unit, and each 
animal can haul, on a conservative estimate, 1,200 Ibs. gross or 700 lbs. net load. 
In pack transportation, the animal is the unit, and each can carry, also on a con- 
servative estimate, 300 lbs. gross or 225 ibs. net load. A given quantity of freight 
bg on packs will require three times as many animals as would be necessary to 
carry it on wheels. The larger number of animals means a proportionate increase 
of the forage to be provided and in the labor of feeding, shoeing, etc. If, however, 
the country and season are favorable for grazing, the pack mule will get on without 
any forage, while the draft mule can not. Other disadvantages of pack service 
are that packages must be limited in size and weight much more closely than for 
wagons; long articles, as tent poles, can not conveniently be carried except by 
special construction, and loading of pack cargoes is‘an expert service which must 
be performed by a few trained men, while loading of wagons is work in which all 
can participate. 


The great advantage of pack t tation is its mobility, and this consid- 
eration is often paramount, A good pack train, well handled, can make 2 miles to 
1 of the best wagon trains on good roads and more on bad ones, and can besides go 
where there are no roads at aif'and where the country is so rough that roads could 
hardly be made and wagons could not pass them if they were made. 


Wagon transportation should be used unless the country is impracticable or the 
rate of march too rapid for wheels. The permanent pack trains should be limited 
to the probable requirements of rapidly moving columns, and in those the baggage, 
etc., should be kept down to an absolute minimum. When great difficulties of 
wagon transportation are foreseen, the draft mules should be broken to pack service 
and enough aparejos carried in the train so that in case the wagons must be aban- 
doned, 44 to 44 of the loads may be placed on the mules and the march continued. 
The combination of harness and pack saddle which naturally suggests itself in thia 
connection, is not practicable. Such a combination would make a very poor harness 
and a worse pack saddle, ~ 


Mules were used interchangeably for draft and pack service ou the Mexican 
boundary survey, and pack mules were put into harness in.the Ohina campaign. 


2. The mule is ‘the standard draft and pack animal of the United States service. 
He can best be described and understood by noting his points of difference from the 
horse, which he resembles so closely that it haa not been found necessary to devote 
books to him particularly. The points of difference in conformation are mainly 
larger, thicker head, longer ears and smaller feet, larger girth, shorter legs, and 
longer body. The relative disposition of bones and their angles are the same as for 
the horse, Fig. 1 shows the skeleton and the names of the bones most likely to be 

e seat of injuries or disease. Fig. 2 shows the mule’s exterior conformation and 
the names of the regions into which it is divided. . 

, Where extensive bogs are found, as in some parts of Alaska, horses are used for 
Pack service, selection and breeding being conducted with a view to the maximum 
size of foot. 2 J ‘ 

The mule is tougher and hardier than the horse, less subject to disease or to in- 
flammation from slight injuries, and usually yields more readily to treatment. He 
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is nearly exempt from some common diseases of the horse, and especially from colds, 
In the field, colic and kicks or other contusions, are his principal troubles. When 
injured he does not exhibit lameness as quickly as the horse, and on this account 
needs more careful watching. 


3. Selection of mules.—The cross between a jack and a mare is that most used 
and is the best, Of these, experience seems to indicate that mules resembling the 
sire—that is, small or medium sized, with strong markings, large ears, and small 
feet—are hardier, while those resembling the mare, good-sized, smaller ears, larger 
feet, and no jack markings, are likely to show less endurance. Color does not seem 
to give any indication of constitution or disposition except as above noted. Gobd 
mules will be found in all colors. Mules for immediate use should not be taken 
under 4 years old. A mule sound and healthy at 4 years should, wlth proper care 
and treatment, last until he is 18. There need be no distinction as to sex. Some 
experienced men prefer mares. Female mules are said to stand sea voyages better 
than males. Very large mules are not desirable. 


A mule should be judged as to his age, strength, endurance, and disposition. 
Indications of age are not very precise as to exact years, but are Clear enough as 
to the question whether the mule is too young or too old for service, At 4 years, 
which should be the minimum age, 4 of the 6 incisors in each jaw are permanent, 
and the others, the end ones, are temporary or milk teeth. The difference is plain, 
as the milk teeth are white and smaller than the others and are smooth outside and 
grooved inside while the permanent teeth are grooved outside and smooth inside, 
In mules, the tushes also appear at this age, smooth, straight, and pointed, fig. 3. 
At 5 years, the remaining milk teeth aro replaced by permanent ones, which latter, 
however, have no insido wall, fig. 4. At 6 years, these teeth have the inside wall. 
At 7 years, tho ends of the incisors show wear and the tushes begin to appear blunted 
fig.5. From this stage on, the age is a matter of judgment, based on the amount of 
wear of incisors and tushes, and the angle of the incisors, which is obtuse in young 
animals and gradually changes to acute in very old ones, fig.6. Other indications of 
age in the mule are the temples, full in the young and sunken in the old, and the 
wrinkles above the eyes, and gray hairs, both of which increase in ntimber as the 
animal grows older. 


The indications of strength are, the size and build of the animal, especially of 
his legs. The fore legs should be set well apart at the shoulders and about equally 
wide at the feet and should appear straight when looked at from any direction. 
The hind lege should also set well apart and be parallel, and appear straight when 
looked at from ‘behind. The angle of the pastern should be such that the middle 
line of the leg prolonged to the ground will just touch the heel when the animal ia 
standing squarely and naturally on a smooth level surface. 


The indications of endurance are principally the breadth and shape of the 
chest and the girth, both of which show the lung power on which endurance de- 
pends, The chest should be broad and muscular, and especially the breastbone 
should not be prominent. Looking at the animal from the side, the chest should 
appear to project distinctly in front of the fore legs. The girth, measured 6 to 9 
ins, in rear of the fore legs, should not be less than 134 times the height of the 
auimal. 


For indications of disposition look to the head and eye; the latter is especially 
a good index. Avoid mules with extra long heads; also those with hollow or dis 
faces. The eyes should be set well apart and stand out prominently, yes close 
together or sunken show a mean disposition, A good mule has a soft kindly look 
in his eye which is difficult to describe but is easily recognized. The eats should be 
mobile, and in young animals constantly moving; one pointing forward and one 
back is a good sign; laying both ears clear back when approached is a bad sign; 
but animals at rest and undisturbed frequently lay the ears back. 


4, Feeding.—The ration for the mule is 9 Ibs, of oats or corn and 14 Ibs. of hay, 
the latter the same as for the horse, the former 14 less. Bran when issued is in lieu 
of grain, pound for pound. One hundred pounds of straw per month is allowed for 
bedding, or the same amount of hay if straw can not be had. The smaller gtain 
ration is determined by the smaller average size of the mule and does not mean that 
he is a lighter eater than the horse or that he can do the same work with less nutti- 
tion. The ration is right for the average mule at average work, H he is extra large 
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1. 
2. 
3. 
4, 
5. 

_ 


1. Incisor teeth. 
2. Molar. 
3. Lower jaw, 

“4, Shoulder blade. 


11, Large pastern bone. 
12. Sesamoid bone. 


Lips. 7. Potl, 
Nose. 8. Chest. 
Face, 9. Withers, 
Forehead, 10. Girth. 
Lower jaw, 11. Loins, 
Cheek.: 12. Croup. 
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5. Point of shoulder, 
6, Haunch. 

7. Haunch bone. 

8. Thigh bone, 


9, Knee bones, 
10. Cannon bone. 


13, Small pastern 
bone, 

14. Stifle joint, 
15. Stifle. 

16, Point of hock, 
17. Hock joint. 
18, Cannon bone. 
19. Coffin bone, 
20, Fetiock joint. 


13, Dock. 
14, Flank 
15, Belly. 
16, Sheath 
17, Shoulder, 
18, Elbow, 


‘ 
a 


“ 


20, Cannon or 
Shank, 
21, Fetlock joint. 


il 


22, 
23. 


Pastern. 
Coronet. 
24. Hoof, 
25. Haunch. 
26. Thigh, 
27, Stifle 
28, Buttock 


29, Hock, 
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Fig. 8 
Mule shoe, not fitted. 


ANIMAL TRANSPORTATION. 481 


or ig worked: beyond this limit, he must have more grain. or ita equivalent’in other 
food,’ or he will fall off in condition, 


While the niule is less particular about his food than the horse, and will keep Lim- 
self Alive when a horse would starve, it is none the less important that his food 
should be’ clean and sound. He is particularly sensitive to sudden changes of diét 
even when the old food’ dnd the new is each good of its kind. Changes from grain 
to grass and the reverse, or from one kind of grain to another, should be made’ 
gradually,, In addition to a proper qnantity of food, the animal must have time to 
eat it. All of the hay and more than half of the grain should be fed at night, and 
the morning feed should be given at least an hour before hitching up. Pack mules 
frequently have the entire ration at night and are not fed at all in the morning. In 
the field, the mules can be fed at the picket line by putting a layer of hay along the 
line, making a hollow or nest in front of each mule and ,pouring. the grain into it, 
When no hay is fed and the ground is not dry and clean, lay down sacks on which 
to place the grain. Animals must be watched while feeding to prevent stealing from 
each other and waste by scattering grain or trampling it into the dirt. 

Mules which are nearly exhausted or pumped out after a hard march will some- 
times refuse to eat. Their food should be taken away and offered to them later, 
aftét they are rested a little, when they will usually take it. 


Bran moistened with water to the consistency of brown sugar. should be given 
occasionally,'and always if there are signs of.constipation. It may be given alone 
or mixed with a part ration of grain. It must be freshly mixed to make sure that it 
is not in the least sour. This and a little fresh grass when it can be had are suffi- 
cient usually to’ keep the bowels right.’ Purgatives should not be given exeept under 
thé advice of & veterinarian or when constipation persists in spite of the simple rem- 
ediéa'snggested. An ounce of‘ nitrate of potash, or, if this can not be had, about a 
pint of wood ashes mixed with the bran mash, will slightly increase its laxative 
effect. Common salt has:the same effect. :. 


5, Salt.—-Mnles require a certain amount of salt, of which they are the best 
judges. The allowance is 2 oz. per week for each animal, which may be increased 
to12 oz. per month, in the discretion of the commanding officer. In a corral, lumps 
of rock salt may be kept. in boxes from which the mules will lick as much as they 
need, If glanders should make ita appearance anywhere in the vicinity, the use of 
these’ boxes’ should be discontinued and salt fed to the animals separately. This is 
best done in the bran mash. On the march salt must be fed in the same way. If 
the mules-are found licking each other or the harness, or gnawing wagons or man- 
gers, it is an‘ indication of lack of salt. 


6. If the mules are herded for grazing at night, there should be @ bell horse to 
Keep them from straggling. The bell horse should be hobbled but not picketed if it 
can be avoided. There shdnld also be a herd guard On duty. Pack animals are 
habitually trained to follow a bell horse, but draft mules are’ not. Horses have a 
peculiar fascination for the mule, and if one is turned into a corral with a bunch of 
mules for 2 or 3 days, they will follow him anywhere and can not be induced to leave 
him, If a pack train is short of grain, the bell horse should have < full ration, since 
he can not graze along the line of march while the pack mules can and do. 


In open country a white or gray bell horse will make it possible to-locate the 
train at.a much greater distance. This may or may not be desirable, according to 
circumstances. This remark applies also to white or gray mules. 


7. Water.—A ule requires from 4 to 6 gallons of water a day, depending on 
the season and his work. In an arid climate 2 or 3 times as much may be required. 
In an emergency, he may be worked with what he will drink at one watering a day, 
but whenever possible he should be watered two or three times aday. In corrals 
there should be, except in freezing weather, a constant supply so that the animals 
can drink whenever they desire to do so, It is as important that the water be pure 
and wholesome as for any other animal. In fact, the mule is rather particular about 
his drinking water. In every herd, some animals will refuse water which others 
drink and which appears to be good. No pains should be spared to find water which 
these animals will drink. 


If the mules have had enough water at night they often will not drink before 
starting in the morning. Insuch case every effort must be made to get water 
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at the end of the first hour’s march. Especial attention is required on this 
joint, as the watering of draft mules on the road generally involves unhitching the 
seams or carrying the water in buckets, either of which operations causes trouble 
and delay and is likely to be neglected. In crossing a stream with soft bottom, if the 
mules are thirsty they should be watered before driving in; otherwise théy may stop 
to drink and mire themselves or the wagon. A stream encountered at the end of a 
march should usually be crossed before going into camp. 


8. Diseases and treatment.—The normal condition of a mule is‘indicated by a 
pulse of 34 to 38 per minute, and a temperature of 99 degrees. The pulse can best 
be taken inside the lower jaw or inside the fore leg just above the fetlock. Tem- 
perature is taken by a clinical thermometer inserted in the rectum for five minutes. 
Disease is almost always accompanied by an increase of temperature or: pulse, or 
both. The pulse may run to 100 per minute or even more. A strong, full pulse of 
normal rate is a very good indication of freedom from disease or injury. The tem- 
perature in some diseases runs from 107 to 109 degrees. In taking either temperature 
or pulse, avoid exciting or worrying the animal. The normal rate of respiration 
when at rest is 12 per minute. 

Apart from accidents, which will be frequent, and contagion, which will be in- 
frequent, sick mules in the field will usually be the result of some neglect, as of 
feeding, watering, policing, or shoeing; or of abuse or overexertion. It is much 
easier and better to keep mules well by proper attention and treatment than to cure 
them when sick. . 


The diseases and injuries described below include those most likely to be encoun- 
tered in field service, those in which effective treatment can be given by persons 
who are not skilled veterinarians, and those in which prompt actidn is necessary to 
prevent contagion, : 


Administration of medicines.—Liquid medicines are given as a drench, Put 
the liquid into a long-necked bottle without a shoulder, and see that there are no 
sharp edges or projections about the mouth or neck. Raise the animal's head until 
the mouth is higher than the throat. Insert the neck of the bottle inthe side of 
the mouth between.the incisors and the molars. Point it toward the throat and 
allow the medicine to run out slowly and with intermissions if necessary. 


Powders without disagreeable taste or odor may be dissolved in water and 
sprinkled on the feed or put into the drinking water. 


Balls to contaiu dry medicines may be made by the addition of honey, sirup, or 
soap, using oil meal if necessary for required consistency. They should be about 
2 ins. long and 34 in. in diameter, freshly made, and inclosed in tissue paper or gela- 
tin capsules. ‘ ; 


The mixture may be given a sticky consistency and placed on the tongue with a 
paddle or spoon. This form is called an electuary. 


ADDENDUM, 1907. 


8a, War Department Circular 9, series of 1907, provides that the mallein treat- 
ment as a preventive against generalized incipient glanders shall be administered - 
quarterly in the United States and oftener in tropical countries. 

The Quartermaster’s Department supplies the mallein. 
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9. The following table of veterinary supplies is sufficient for ordinary require- 


ments of field treatment: 


Articles. Desig- 


Quantity 
for 100 
animals. 


Quantity | Quantity 
for 200 
animals. 


for: 300 
animals, 


Acid, boracic 
Acid, carbolic __ 
Aconite, fluid ex: 
Alcohol, grain __ 


Flaxseed meal __ 
Ginger, powdered _ 
Glycerin______ 
Iodoform re 
Iron, chloride, tinctnre_ 
Lead, acetate ____________ 
Needles, surgeon’s, asstd _ 
Oil, linseed, raw .______ 

Oil of turpentine_. 
Opium, tincture. __ 
Potassium, nitrate _ 
Sulphur, powdered_ 
Sweet spirits of niter.. 
Tar, pine__--._._____.- 
Witch-hazel, distilled. 
Zinc, sulphate ____ 
Absorbent cotton... 
Antiseptic gauze__ 
Hee teee: red flannel, 4 ins. wide, 4 yds. |, 

long. ° ‘ 
Rennes white cotton, 4 ins. wide, 4 yds. | doz —_- 
ong. 


terre rrtrriars 


Plaster, adhesive, 2 ins, wide, 10 yds. long_| rolls _- 
Silk for ligatures, ordinary 
Silk for ligatures, heavy-braided _ 
Soap, white castile _______ 
Sponges, surgeon’s..______ 
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10, Standard veterinary prescriptions: 
One Ib. fluid=16 oz.—1 pt. 
One dram solid or fluid=}{ oz. 
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A standard silver dollar weighs 88, apothecary’s 02., or #44 avoirdupois oz. By 
giving liberal measure it may be used as an ounce weight. 
If well worn it will be nearly 


A cent nickel may be used for a dram weight. 


Tight; if new, take scant measure. A balunce can always be improvised. 


Antiseptic or sterilizing dressings for external use only (Nos. 2 and 8 may 


be used on eyes, nose, end mouth): 
-1. Oreolin 1 part, water 40 parts. 
2. Carbolic acid 1 part, water 40 parts. 
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3. Boracic acid ] part, water 20 parts. . 
4. Iodoform, dry, necessary quantity sprinkled on wound. 
5. Boracic acid, dry, necessary quantity sprinkled on wound. 


6. Sulphate of zinc 1 o2., acetate of lead 1 oz., water 1 qt. This is the well-known 
white Jotion. A dram of carbolic acid may be added if a strong antiseptic is needed. 


Ointments. 


7. Iodoform 1 part, cosmoline 6 parts. 

8. Boracic. acid 1 part, cosmoline 6 parts. 

9, Carbolic acid 1 part, glycerin 6 parts. 

10, Sulphur (if powdered) 2 drams, cosmoline 1 oz. 


Liniments. 


1, Torelieve pain, Witch-hazel 2 0z., spirits of camphor 2 0z., landanum 2 oz, 
12, Stimulating. Turpentine 2 oz., spirits of ammonia 2 oz., linseed oil 4 oz, 
18. Spirits of camphor 2 oz,, spirits of ammonia 2 oz,, turpentine 114 oz., water I pt. 


14, Soap liniment. Castile soap 6 oz., spirits of ammonia 6-0z., spirits ‘of-camphor 
2 oz., alcohol and linseed oil each 1 pt. 


Miscellaneous. 


15. Purge. Aloes 6 drama, calomel 34 dram, ginger 2 drams. 

16, To.stimulate the kidneys. Sweet spirits of niter 10z, water 1 pt. 

17. Founder powder. Nitrate of potash 4 oz., gentian, 4 drama, 

18. Tonic. Gentian 2drams, ginger 2 drams, flaxseed meal 44 dram, 

19. Colic. Sweet spirita of niter 1 to 2 oz., laudanum 1 to 4 oz., ginger 2 drams. 

20, To dress saddle and harness galls and to harden the skin. Alcohol 1 pt,, water 
lpt. If the skin is abraded, mix with white of eggs to a paste and ,apply a thick 
coating. : 

Constipation.—Put the mule on a laxative. diet,-bran. mashes, grass, or vege- 
tables. Salt also has a slightly laxative effect, 

Diarrhea,—Usually results from too laxative diet or exposure. Put the animal 
on dry feed without saltand keep dry and warm. Do not work more than necessary. 
1n aggravated cases give 14 pint of raw linseed of] or 1 dram of powdered opium, 

Spasmodic colic.—Tho animal appears to be in distress, looks around... afvits 
flanks, paws, kicks at its belly, attempts to evacuate the bowels and. to:.pasa‘urine. 
Pulse and respiration. accelerated, The.attacks are intermittent and-between them 
the animal returns to apparently normal condition. 

Give a:drench of 1 pt. of raw linseed oil, and prescription No. 19, ‘If the animal 
has not been overfed and the case is light, 1. dram of powdered ginger mixed in water 
willdo, Give ample room to move about. 

Flatulent colic.—More serious and leas frequent than the former; pain appar- 
ently lesa severe but continuous; animal unsteady on its legs; extremities cold; ex- 
cessive distention of abdomen. 

Give No. 19 full strength, repeating at hour intervals until relieved. .In- severe 
cases it is necessary to puncture the animal to relieve the distention. The puncture 
is made in the right flank in,the space bounded by the backbone, the hip bone, and 
the last rib, and at the point of greatest distention. The puncture is made with the 
trocar directed downward and inward. Leave the canula in the opening temporarily. 
This operation should be done by a veterinarian or farrier. 

Poll evil.—An abcess on top of ‘the head immediately behind the ears. “ Trouble- 
some mainly from its unfavorable situation for-treatment. .Keep bowels open and 
reduce inflammation by applications of cold water, , After pus-has formed, open. ¢lear 
to the bottom so that pus can readily run out from the lowest, part. Poultice and 
keep open until discharge of pus hag entirely stopped. Use antiseptic dressings 
Nos. 1, 2, or 6. 


ANIMAL TRANSPORTATION. 435 


Strangles.—An inflammation of the glands of the throat and neck, resulting in 
the formation of an abscess. Good care and soft food, varied as much as possible to 
stimulate the appetite, are all that is required until the tumor heads, when it should 
be freely opened and drained until it is free of pus. 3 


Glanders.—A_ yellowish, sticky discharge from the nose, with ulcers inside the 
nostrils, at first distinct, then with ragged edges and finally confluent; enlargement 
and hardening of one or both glands below the jaws; staring coat; difficult respira- 
tion; extreme debility and profuse perspiration on the slightest exertion; fetid odor 
from nostrils in advanced cases. The disease is contagious and incurable. Assoon 
as suspected, the animal must be isolated, and when the disease is recognized, he 
should be killed and burned or deeply buried. All grooming and other implements 
used about the animal should be destroyed and his surroundings thoroughly disin- 
fected. Attendants should, use great care to avoid contagion in handling suspected 
cases, The hands should be free from cracks or sores, and after touching the animal, 
should be well washed, with a little carbolic acid in the water. See p. 432. 


Farcy.—A different and milder manifestation of the same poison as in glanders 
Ulcers appear on head, body, or legs; they are commonly called farcy buds or 
buttons. When the legs are affected, they swell, and the buds are usually below 
the Knees or hocks, oftenest in a line down the front of the fore leg, beginning at top 
and ranning to the bottom. In the early stage, the buds are hard lumps, beneath 
the skin. Later they enlarge and suppurate through theskin. Before this condition 
is reached, the animal should be killed. 


Surra.—aA. disease resembling glanders, prevalent in the Philippine Islands. It 
is probably a wound disease, caused by contact of the infectious agent with a wounded 
surface, either skin.or mucous membrane, At first loss of appetite, constipation, 
fever and thirst; later a dropsical swelling, usually beginning around the belly and 
immediately or quickly extending to legs and feet, with rapid and extreme emaciation. 
Sometimes the submaxillary glands are involved, with discharge from the nose re- 
sembling that of glanders, A very characteristic symptom is dragging the hind feet 
in walking. The disease rans from 3 to 4 weeks and sometimes longer. No remedy 
is as yet known. Isolate as soon as suspected, and, when the diagnosis is certain, 
destroy the animal and burn or bury the carcass. 


‘Isolation hospitals and corrals should be half a mile from other corrals. No non- 
isolated animals should be allowed to approach them even to bring visitors or sup- 
plies, which should be conveyed by other means. 


All animals should he carefully examined and all abrasions of skin or mucous 
membrane should be protected from biting insects by local applications. 


Suspected and sick animals should be protected from biting insects, especially flies, 
by screens, smudges, or washes, and carcasses should be similarly protected until 
buraed or buried. 


All possible. efforts should be made to exterminate biting insects and rats. 


i Where surra is or has been prevalent allow no grazing and avoid all green forage, 
especially from marshy or overflowed ground, The disease is more prevalent in wet 
places and wet weather. * 


Mange.—Small pnstules form on the skin, usually beginning at the roots of mane 
and tail. ‘The discharges form a crust under which the hair loosens and falls out. 
The disease is contagious and animals affected must be isolated and usual precautions 
taken. Cleanse the affected parta thoroughly with soap. and water and dreas with 
No. 2. If the skin is,affected over a large surface, only a part of it should be gone 
over with the carbolic solution each day, to avoid carbolic-acid poisoning. It is 
better in such cases to substitute No. 1, which may be used with impanity. 


. Scratches.—An inflamed condition of the skin of the heel with crusts giving a 
watery discharge. Caused by exposure to wet and cold, sometimes by trimming the 
fetlocks. Keep the parts dry and clean. Wash, if at all, with warm water and 
caatile soap and dry thoroughly after washing. If the skin is unbroken, use fresh 
4ard-and vaseline; dust with-powdered alum twice a day. If the akin is cracked, use 
No:.10, A dry place for the animal to stand is necessary to a cure. 


_ Thrash.—A disease of the frog, usually behind, accompanied by an offensive dis- 
charge. It results from uncleanliness. Keep the frog clean and dry; pare away 
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Tagged parts and open the cracks to facilitate discharge; dust with calomel and dress 
with iodoform or pine tar. 


Laminitis or founder.—An acute inflammation of the processes which connect 
the wall of the hoof with the coffin bone. More common in the front feet; very 
painful and causes extreme lameness and stiffness with much heat in the foot. Over- 
exertion, indigestion, and watering when heated are most frequent causes, The ani- 
mal can scarcely be induced to move and tries to take the weight off the toes by 
standing on the heels, or, if the fore feet only are affected, by drawing the hind feet 
forward under the body. 


Give laxative diet and plenty of water, remove the shoes, and give the animal a 
soft footing which will throw as much weight as possible on the sole and frog. In 
the field a good plan is to make a slight depression in the ground, fill it with water 
and let the mule stand with his fore feet in the mud. Give No. 17, 


Lockjaw.—Induced by pricking the foot with rusty iron, or by punctured wounds. 
The disease is caused by a microbe which thrives in rich soils, as of highly cultivated 
gardens and in the tropics. Common in the Philippine Islands as a result of 
punctured wounds, 4 : 


There is difficulty in swallowing and rigidity of the limbs; ears erect and to the 
front; nostrils dilated; legs spread apart, and tail persistently held erect. General 
muscular rigidity; obstinate constipation and torpidity of the liver. The climax 
usually comes in 3 or 4 days. 


Search for the excitiug cause, and if found to be a wound of any kind, treat it. 
Give a strong purgative, and 2 to 3 drams solid extract of belladonua three times a 
day. Give liquid food—gruels—and have clean water in reach of the animal at all 
times. Give rest and quiet in a darkened stall. During convalescence give laxative 
nutritious food and tonics, as No. 18. 


Rope burns.—Abrasion of the skin under the fetlock by rubbing against a rope. 
Very frequent, especially with mules not accustomed to being tethered or picketed. 
If not severe, cleanse with soap and apply ointments 7, 8, or 9, or tar, or any kind 
of clean grease. For severe cases, use the same treatment and bandage. 


Pricking the foot,—This may result from picking up a nail or from one im- 
properly driven in the shoe, If the point of injury cau not be seen, locate it by 
pressure, The mule will flinch when the sore spot is touched. If suppuration has 
not set in, clean the part, treat it with antiseptic, and stop the orifice with a plug of 
sterilized material, If pus has formed, a free exit for it must be provided and main- 
tained. It may be necessary to cut away a considerable amount of horn to do this, 


A puncture of the frog is managed in a similar way. 


Wounds and bruises.—The prime requisites of treatment are the arrest of hem- 
orrhage (tinct, iron hot or cold water, pressure, if arterial); removal of foreign 
objects if possible; cleansing and sterilizing the wound (antiseptics 1, 2, or 6 may be 
used); replacement of parts in propér relative position by stitches or bandages, and a 
provision for the discharge of pus from the bottom of the wound. In some cases the 
greatest possible freedom from motion is desirable. 


The healing of wounds in mules is almost always hy suppuration. Before the 
tissues unite they assume a granular appearance. This granulation should begin 
at tho deepest part and progress regularly outward. If granulation appears firat 
near the outside, care must be taken to preserve a channel by which the pus may 
discharge freely from below. A tube, or a string of tow or other clean fibrous mate- 
rial dipped in melted wax or paraffin, will answer. This can be withdrawn when 
the wound is dressed, the accumulated pus pressed out, and the string replaced, 


Spring tonic.—If mules are sluggish in early spring, lose their appetites, and are 
slow in shedding out, their condition may be improved by giving a small quantity of 
saltpeter in soft feed once a week for a month or so. If nothing else can be had, 
give a teaspoonful of powdered sulphur and a half pint of wood ashes. ‘ 


11. Shoeing.—A mule’s feet are designed to carry his weight partly on the lower 
edge of the outer wall and partly on the sole and frog, fig.7. The pressure of the 
frog on the ground gives a better foothold and besides causes a lateral pressure on 
the inside of the wajl which resists the natural tendency of the hoof to contract. 
The wall is constantly growing, and on a soft elastic footing it wears away ata Tate. 
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equal to ita growth and is always of the right length to take ita share of the load. 
On.a harder footing, such as is presented by most roads, the wall wears faster than 
it grows, and is constantly shortening, letting the sole down so that it carries too 
inuch of the load and lameness results. To prevent this, shoeing is resorted to. But 
when shoes are on, theré is no wear of the walls, which grow longer and raise the 
sole and frog, removing the internal pressure from the wall and allowing it to con- 
tract and cause lameness. The art of good shoeing consists in providing a metal 
armor for the lower edge of the wall with the least possible interferenco with any 
other part of. the foot, or with the natural relations of wall, sole, and frog. If tbe 
sole and frog have received proper daily care there will be no excuse for the shoer 
to touch either of them with any tool. If the bottom of the foot is foul, the shoer 
may clean it out, but always with a scraping, never with a cutting, tool. Cutting 
the sole and frog is the business of the veterinarian or farrier, not the shoer. 


Mule shoes are supplied in several sizes. Numbers 2 to 5 will answer all ordinary 
requirements. The No, 2 shoe is 334 ins, wide by 634 ins. long, and the No, 5 is 
4 ing, wide by7 ins. long; all are 44 in. thick, and are punched for 4 holes on a 
side. The top surface of the shoe is slightly beveled, the outside », in. higher than 
the inside, The nail holes on each side are connected on the bottom of the shoe by 
acountersunk groove. The shoes are packed in kegs of 100-lbs. each. A keg of 
No. 2 containg 100 shoes; of No. 3, 85 shoes; of No. 4, 72 shoes, and of No, 6, 60- 
shoes, fig. 8, 


The nails used with the above sizes of shoes are Nos, 5,6,7,and 8. No. 5 is 2 ins. 
long; No. 6, 24¢ ins.; No. 7, 234 ins.,and No. 8,214 ins, The heads and point bevels 
are formed on the outside; the inside of the nail is a plane surface. Nails are sup- 
plied in kegs of 100 1bs. No. 6 nails run 190 to the Ib.; No. 6, 140; No, 7, 100, and 
No, 8, 80, fig. 9. 


The old shoe shonld be carefully removed by cutting off the clinches and drawing 
the nails singly. Starting the shoe and prying it off, bringing all the nails with it, 
is dangerous. The bottom of the wall should then be cut down level with the sole 
at the toe and left a little longer at the heel. The heel wears a little under the shoe 
and will rarely require much cutting. The rasp is used to cross level the bottom of 
the wall, which should be accurately done, so that tbe mule will stand square on the 
shoe. The shoe is now to be fitted accurately, so-that its outer edge will follow the 
circumference of the hoof all around. Tbe fit must be made close enough go that no 
filing of the sides of the wall will be necessary to complete it. The shoe is then 
applied hot for a moment, and the high points indicated by burning are worked 
down. The shoe should then be applied hot long enough to slightly sear the lower 
surface of the wall, but no longer. It should then he cooled and nailed on. In 
nailing, begin with the front or toe nails and drive them in their order to the rear. 
After all are driven, cut off the points near the hoof, rasp the clinches thin enough 
to turn easily, but do not let the rasp cut the horn. Turn the clinches down snug, 
but do not try to drive them into the hoof, nor use a file on them to smooth up. 


Management of vicious mules.—Ordinary cases can be handled by lifting the 
foot with a strap or rope. Take hold of the pastern and be sure that the rope can 
not slide so far ag to cause a burn. For a hind foot, draw forward between the lega 
or toa collar; for a fore foot, bend sharply at the knee and strap the pastern to the 
upper leg. For bad cases in the field, throw the mule and shoe him while down. 
For the shop, construct a frame of stout timbers in which he can be tied in every 
direction by ropes, straps, or canvas bands, T witches on the ears should never be 
used, If absolutely necessary to control the animal, put a twitch on the nose. 


12, Animal power,—The capacity of an animal to exert a tractive effort decreases 
as speed and time increase. Asa basis, it may be assumed that an average draft 
mule can pull on a level 80 Ibs, at 244 miles an hour for 10 hours every day, or in 
other words, can pull 80 lbs. over 25 miles of average level roadsevery day. If a 
pull of 160 Ibs, is required, it can be made over 1244 miles a day only, the lesser dis- 
tance being covered by a slower gait or longer rests, or as is usually the case, partly 
by each. An animal can exert 244 times the normal pull for a few minutes at a 
time, and 6 times for a few seconds, provided in each case the demand is not repeated 
too frequently. 


. The load which can be hauled on any pull depends mainly on the kind and 
condition of the road and a little on the wagon, especially as to width of tire and 
size of wheels. For the standard army wagon and on a level average dirt road in 
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good. condition, the load corresponding to 80 lbs. standard pull, may,ba.taken at 
1,000 Ibs..per animal. Of this, 300 lbs. will be wagon, leaving 700 Jhs,. net freight, 
Any reduction of this load to lessen the pull must come out ofthe, 700 Ibs. ; To 
reducc the pull to 40 Ibs., 500 Ibs. must be taken from the freight, Jeaving.200. lbs. 
only to be hauled. This 200 Ibs, pulled over 25 miles would equal 5,000 Iha,:pulled 
oyer | mile, while if the full load of 700 Ibs. is. hauled over 1224 miles, which can be 
done with the same effort, the result equals. 700 <1244=8,750 lbs, hauled I mile. 1f 
the length of the march is fixed, the animals, can.be relieved only. by reducing, the 
pull; otherwise it is better to relieve them by. shortening the march. 


On hilly roads there is no traction on the down grades and an increased gait is 
usually taken without appreciable extra exertion. This saves time which may be 
spent in rests, allowing greater effort. on the up grades. Up to.8% grade, the load 
can be retained by reducing the distance. Up to 34 grade, the distance can be 
maintained by reducing the pull. Above.8%,both pull and distance must be reduced, 
The reduction of pull may be accomplished by removing part -of, the freight, by 
doubling up teama, or by putting men on dragropes. 


The foregoing is based on the supposition that the animals have the full: ration 
every day and remain in as good condition as when they started. In emergencies 
they can do more work than indicated, but will go off in condition and some will 
give out entirely.. In campaign, animals are overworked as a rule, and finish in 
very poor condition. This is necessary because adequate transportation-is rarely 
available and what there is. must.be worked .at a killing irate. - ‘When. marches are 
intermittent, mules may be. pushed, since what,.they lose.in 2.or 3 days’ overwork 
can be made up. by a week’s rest with good care, and they will be. fit when again 
required. 


The following are the weights and normal loads of some army wagons: 


Weight. | MS. 2¢t \Gross load. 


1,750 | -2,280 | ~ 4,030 
Bridge traiu, heavy____.______._--.------___----. 2 to to to 
= i 2,200 |  2;900 5, 100 


Harness.—The harness supplied for heavy draft .is-of-three kinds, known as 
army. wagon harness, 4-mule ambulance and wagon harness, and ambu- 
lance harness. The first is distinguished by the absence of a saddle; by ita breech- 
ing, which is of fiat leather unstitched, and its traces, which are of chain throughout 
and pass through leather pipes to prevent chafing. The gecond is distinguished by 
its traces, which are of leather to the breeching, with chain extensions. , The,third 
has all leather traces. The second, or ambulance and wagon, harness, ia Tpost guit- 
able for Engineer transportation. 

Most.6-mule teams are driven with a jerk line, the driver riding the near. wheeler, 
fig. 10, Four-mule teams in the bridge train are driven iu the same way. ., Ajj other 
4-mule teams are driven with lines from a seat on the wagon, fig. 11. The 6-mule 
harness includes a riding saddle, jerk line, check rein, jockey stick, and blacksniake 


10-11, 
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whip. A set of 4-mule harness includes a pair of wheel lines, a pair of lead lines, a 
whipstock, and lash. ; 


Proper fittng of the harness is very important. The bridle should be loosely 
fitted, the crownpiece and throatlatch not too tight; the brow band in the right 
place; the cheek pieces so adjusted that the bit will hang in the mouth just clear of 
the angle of the lips, not far from it and not touching it, especially not drawing it 
up into wrinkles. The bit should be of the right length for the width of the jaw. 
Less damage will be done, bowever, if the bit is too long than if too short. If the 
bit tends to irritate the mule’s mouth at the ends, relief may be given by putting a 
large leather washer around the bit inside the ring. The blinds must be so adjusted 
as not to touch the eyelashes. 


The fit of the collar requires close attention. If it is too small, it will cut off the 
wind; if too large, it is likely to make the shoulders sore. When the collar is on 
and adjusted, there should be room to insert the open hand between the bottom’ of 
the collar and the windpipe, and not much more. Collars should always be buckled 
when off the mules, A collar which is the right size but not the right shape, can 
be improved by soaking it in water and putting it on wet. A day’s work in therain 
will produce the same result, The under surface of the collar should be kept clean 
and soft. Do not scrape it but rub or wash it clean, The same remark applies to 
every part of the harness which touches the mule’s skin. Cleaning the outside of a 
harness is good for the harness only; cleaning the inside.is good for both mule and 
harness. The driver should be provided with two or more small pads of sheepskin 
with thongs attached. If the skiu is abraded by the harness, two'of these pads may 
be lashed to the underside, one on each side of the sore, and will afford relief uutil 
the march is over and regular treatment can be applied. The hames should be 
so adjusted to fit the collar closely without pinching it out of shape. 


To clean harness, hang a set on a pole or line; wet a sponge in clean water, 
and rub gently over the harness until the dirt is softened. Rinse the sponge fre- 
quently and renew the water as often as necessary. Next rub the sponge on the 
harness soap until a good lather is formed. Give the harness a thorough coating of 
it and continue the rubbing until all dirt is removed, It may be necessary to use a 
thin piece of wood to get some spots clean. When the harness is clean, rub up a 
very thick lather and coat the leather evenly with it, allowing it to dry without 
rubbing. After the lather bas been absorbed and the leather is dry, dip a small, 
clean sponge in harness dressing and touch the harness lightly, rubbing just enough 
to spread the dressing evenly. 


If the leather is very hard, after cleaning as above, take a pint of neat’s-foot oil 
and a teaspoonful of lampblack to each single set. Mix thoroughly until a black 
glossy appearance is produced and apply an even coat with a small sponge, rubbing 
it wellin, In cold weather warm the oil enough to make it flow freely but do not 
letit get hot. After thoroughly dry, apply harness dressing as above described. 


Harness should be looked over carefully every day. If stitches are broker, 
leather worn or cut, or auy metal parts cracked or broken, have the defect remedied 
atence. If stitches are taken, be careful not to leave knots on the inner surface of 
the harness. Fasten at beginning and end by drop ‘stitches. Iu tbe field, provide 
supports for the harness and keep it off the ground when not in use.. 


13. List of materials and spare parts required for repair of harness in the field, 
with quantities for 100 sets: ‘ 


Bits, wagon bridle ___._ wee Sa ati gy i aS 8 

Buckles, roller, japanned, 34, 74, 1 doz. each. 
Buckles, trace, 134 in __ - 1 doz. 
Chains, trace — 1 doz, 
Clips, hame.. 1% doz. 

Ink, edge__.. I pt. 
Harness dressing______... eee se 2 gals. 
Hames, hook, high top, 19, 20, and 21 ins ~ 2 pra, each 
Lampblack —_------_.. a eeeene Ib. 
Leather, bridle _ 4 sides. 


Leather, lace ~_. 1 side. 


Leather, harneas. 
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Loops, halter, 13g ins ese o tS Ssh 
Open links, No. 2 iron, 10 per foot 
Oil, neat’s foot__._-.-_-_--_ -__--- 


10 gals, 


Rings, No. 2, 134 and 2ins_______ 2 doz, each. 
Rings, breeching, No. 3, 344 and 4 ins ~ 2 doz. each. 
Rings, D, 134 ins _-__----------. 1 doz. 
Rings, line, 14 INS 2s Sec sew wei tein Soran na eseetese ac 2 doz. 
Rivets and burrs, copper, No. 1: 7 5 
BAAN oo oaks Soci Shi ence ccenn ann eee eescudeocn esas 1 Ib. each. 

Slides, breast, 114 ins ___ — 1 doz, 
Snaps, harness, % and 1 in_-_ 2 doz. each. 
Snaps, harness, 144 and 144 ins_ - 1 doz. each. 
Soap, harness. eet -100 Ibs. 


Sponges, coarse _________ - 6 Ibs. 

Squares, halter, 144 x 134 ims ~ 3 doz. 

Tacka, 4, 8, and 12 oz _ Y doz. papers each, 
Thread, shoe, Barbour’ f Ib. each. 

Toggles, trace _____._..-_._--__--__-__---_----------- 6 doz. 

Wax, saddler’s, black, spring, summer, or winter____. 1 Ib. 


14. Wagons.—For general freighting, the wagons in use in the United States 
service are the army six, weighing 1,950 Ibs., and carrying 4,000 1lbs., with a 6-mule 
jerk-line team, and the escort, fig. 11, weighing 1,500 1lbs , and carrying 3,000 Ibs., 
with a 4-line team, The army wagon complete includes a fifth-chain with 
stretcher, 6 wagon bows, ridgepole, wagon cover, doubletree, and 2 singletrees, an 
extra kingbolt and 2 extra singletrees, feed box, and brake. An escort wagon 
complete includes a feed box, 6 wagon bows, ridgepole, 1 double and 2 singletrees, 
axle wrench, tar pot, extra kingbolt, 2 extra nuts for axle, a lead bar with stretcher 
chains and singletrees attached, and a brake. 


The bridge equipage is carried on two types of wagons, the ponton wagon, fig. 
10, weighing 2,200 lbs., and carrying 2,900 Ibs , and the chess wagon, weighing 
1,750 Ibs., and carrying 2,300 to 2,700 lbs. The ponton wagon is used for the wooden 
ponton. The chess wagon is used for all other bridge loads. 


To keep a wagon in order it is only necessary to keep all nuts tightened, the 
wheels greased, and to wash the mud off when opportunity offers. Four to 6 lbs. of 
axle grease per wagon per month will be ample. In dry sand, wagons in constant 
service should be greased daily. On hard roads they should be greased every 40 to 
50 miles, Always clean off the old grease before putting on the new. In washing, 
use a8 much water and as little rubbing as possible. 


The following spare parts and extras should be carried on each army six and 
escort wagon: 


lax. 2 cans axle grease. 
2 extra axle nuts. 1 lantern. 

1 galvgnized-iron bucket. 3 open links. 

1 horse brush. 1 pole, extra. 

1 currycomb. 1 reach, extra. 

1 pick. 2 singletrees. 

160 ft. rope, 44 in. or 3% in. 1 wrench. 

1 ee “a Coil of stove wire. 


A similar list should be carried for the bridge wagons, but preferably in supply 
wagons not on the wagons themselves. For the latter, spare wheels should also be 
carried. . 


15. Pack saddles.—The adopted pack saddle is of the Spanish type, and is com- 
monly called by its Spanish name aparejo, fig. 12. Its principal parts are the body, 
the cover, the cincha, and the crupper. These parts have subdivisions, which 
are less important. The accessories added to the above to make the aparejo com- 
plete, are the corona, the blanket, the lash rope with its cincha, the sling 
ropes, the lair ropes, and the mantas or pack covers. 

The body of the aparejo consists of 2 pieces of heavy leather 24 ins. wide by 58, 60, 
or 62 ins. long, sewed together at the edges and across the middle of the length, 
forming 2 pouches, into which moss or hay is stuffed to form pads fitting the contour 
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Fig, 12, Aparejo. 
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Fig. 13, Rigging.” 
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ef the animal on either side of the backbone. In the American form, the pads are 

_ given a peculiar elastic stiffriess by means of ribs of wood or metal extending from a 
aadile piece at the top of each pouch to a boot piece at the bottom. These ribs are 
stiffer at the front and more flexible at the back, varying uniformly between. They 
convert each pad into an elastic lever, by which the pull of the cincha on the bottom 
acts to raise the aparejo and its load from the backbone, while the stuffing distributes 
the load uniformly over a large space on theribs, The stuffing is introduced through 
a hand-hole in the middle of tho undersido of each pad, through which it is always 
accessible, and the finest art of the packer consists in fitting the pads to the shape of 
the particular animal which is to carry the aparejo, and keeping them so regardless 
of changes in the animal’s condition by shifting, removing, or renewing the stuffing. 
Tf 4 bunch rises on the animal, it can be worked down by taking out stuffing imme- 
diately over it so as to take off the pressure at that point. Determine the proper 
point by wetting the top of the bunch and laying the aparejoonthe mule. Aparejos 
and mules are numbered aud the same pack is always on the same mule. 


The function of the crupper is not what would naturally be expected. If the 
aparejo is properly set up and fitted thero will be no tendency to move back or for- 
ward. The crupper is in reality a steadying Jever to keop the aparejo from rocking 
fore and aft as the mnie travels. For this purpose, the dock piece is large, smooth, 
and soft, and the crupper is wide, stiff, and firmly laced to the body, The crupper 
is adjustable in length, and must be accurately fitted so that when tho aparejo is in 
its proper place the dock piece will ride between tail and dock without pressing on 
either. 


The cover is permanently attached to the body and may be considered a part of it. 


The cincha is of heavy canvas, doubled, and 10 ins. wide, It is long enough to 
reach from the near boot undor the mule and around the aparejo to a little beyond 
the middle. The ends arc connected by the latigo, or cincha strap. 


Tho corona is a pad usually of several thicknesses of blanket, with a number or 
design which identifies the pack. It is important that the corona shall not be sepa- 
rated from its aparejo. 


Off the mules, the aparejos are placed in a row on the ground or on skids, standing 
on their boots, fig.18, The cincha, folded with the latigo inside, rests on the aparejo, 
The crupper is turned so that the dock pioce rests on the cincha., The corona is 
placed on top of all, Canvas coverd are stretched over the line of aparejos and tied 
down." The line of aparejos.so arranged is usually referred to as the rigging. 


Hach. packer‘is provided with a blind, The mules are trained to stand perfectly 
still when plinded, and: if it is necessary to move a mule even by a step, the blind 
should be lifted, 


To place the aparejo:on the mule the corona is first put smoothly on, fol- 
lowed by the blanket folded to 6 thicknesses. The aparejv is then put on slightly in 
rear of its place. The crupper is turned, the dock piece adjusted, the aparejo settled, 
to its place, and the cincha unfolded, placed, and tightened. Never put on or adjust 
a pack with the mule’s head uphill. 


16. Loads are divided into’side packs and top packs, Side packs should be 
of approximately equal weight and size, A keg of paint on one side and an eqnal 
weight of oakum on the other do not make a proper load. Side packs should not 
be longer than 30 ins., wider than 20 ins,, nor deeper than 12 ins, If tho side packs 
do not fill out a load, the rest is placed between them as a top pack. Articles which 
by their size or shape are not suitable for side packs are carried on top? The center 
of gravi’y of the entire load should be below the top of the saddle, and the lower the 
better. For miscellaneous cargoes, the freight is made up into side and top packs, 
each wrapped in a manta, or canvas cover, and tied, or laired up with lair ropes. 
Tf @ pack contains articles of different weights, place the heaviest at the bottom. The 
side packs ore slung across'the aparejo by the sling ropes and lashed on with the 
lash rope and cincha in the form of the diamond hitch. Such a load must 
remain unbroken until the end of the march. 


Engineer tools, materials, and supplies, which may be needed for use during the 
march; are carried in leather pouches, figs. 14, 16, or pairs of wooden boxes, figs. 15, 
17,18, and 19. These are secured to the aparejo without lashing, and may be opened 
and the required articles taken out and replaced without disturbing the load. 
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17. Care and preservation.—All parts of the rigging should be kept clean and 
the leather parts soft and pliable. The materials and methods given for harness 
may be adapted. 


18. In taking off lashed packs, the lash rope is removed; its cincha laid on the 
ground at the middleof the line to be occupied. The lash rope is coiled down on 
the cincha and its end stretched out 10 ft. to one side. The sling rope is then un- 
fastened, the packs dropped from the aparejo and laid on the lash rope lengthwise 
with thecincha, Thesling ropé is coiled on the packs, and the end of the lash rope 
brought up ontop. The cincha of the second pack is laid down on one side of the 
first and parallel to it at 2 ft. distance, but with the end of the lash rope on the oppo- 
site side. The packs, etc., are placed on it as described. The third pack is placed 
on the other side of the middle one, and so on until all are down ineline, After all 
cargoes are off, the aparejos are removed. Cargoes are also oovered with pieces of 
canvas calfed cargo covers. Mantas may be used if there are spare ones. 


19. Marches.—A draft mule is rested by a halt; a pack mule is not unless un- 
loaded. Wagon trains should start early and make frequent halts. These should 
be of two classes, longer ones at regular time intervals, and shorter ones of a minute 
or two after every unusually hard pull. The length and interval of the longer halta 
will depend upon the time and distance to be made. 


Asa rule, if a mule has made one dead pull, he will not try to pull again on the 
same load in the same place. When it is evident that the team must stop, the driver 
should stop it before it is stalled; otherwise, in most cases, he can not get another 
pull out of the team. A very slight change of conditions will often encourage stalled 
mules to pul] again. Cases have been reported in which reversing the near and off 
mules had the desired effect. A little visible assistance, as a few men on dragropes, 
has an excellent effect. Most mules on a hard pull will net go into the collar gradu- 
ally as a horse does, but will throw themselves forward, and if the load does not 
move, will immediately fall back. It is difficult to get a steady lay-down pull out of 
a team of mules in which every animal is doing his best at the same moment. A 
team of two. mnles on a hard pull will often seesaw on the doublétrees without 
pulling as much as either could alone. It is better to have stop chains on the doublo- 
trees, leaving only enough slack to prevent one mule from shirking. 


It may be quicker, in case of great obstacles, to unload wagons and take them to 
pieces and carry over, than to attempt to haul over. A portage may. also be made 
when otherwise the train could not advance at all. 


A pack train should be allowed to make its march without halts except for water, 
if it can be done. They may start later or get in earlier, according to circumstances. 
If the coltmn is of great length, no relief can be given them in this way, and they 
must halt with the rest. 


When going into bivouac or camp, the company and headquarters ration and 
baggage wagons are conducted at once to the sites of their respective kitchens. If 
a bivouac, they remain there all night, unless in the presence of the enemy; if a 
camp, they are unloaded, and join the rest of the train in park. 


The train is parked in line, preferably to leeward of the camp, and on ground 
which does not drain toward it, The picket line will be stretched parallel to the 
wagon line and preferably in frént of it, though always on dry, gently sloping 
ground, ifitcan be found. The best site is along a ridge with the ground sloping 
both ways from the line. The mules stand on both sides,and there should be 3 yds. 
of line for each 4 mules. If the 4-mnle wagons are 3 yds. apart in park’and the 
6-mule wagons 434 yds. apart, tongne to tongue, each team at the pleket line may 
stand in front of its own wagon, which is a very convenient arrangement. 


Picket lines are of two kinds, ground and high. A ground Iine isstretched 
on the ground, attached at its ends and at intervals of about 30 yds. to stakes or 
some other form of holdfast, A 1-in.-diam. rope of sufficient length should be car- 
tied for the purpose, but, if necessary, & ground line may be made up of picket or 
lash ropes. A high line is stretched on trees or stakes set in the ground. If stakes 
are used, they shonld be at least 8 ft. long, set S ft. in the ground, At 434 ft. from 
the ground, holes should be bored large enough to take the line. “From each end 
post the line should run obliquely to the ground and be attached to a holdfast. A 
high line for temporary use may be obtained by running every fifth wagon to the 
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front and stretching the line across them. The end wagons should be loaded ones, 
aud all must have the brakes set. Picket lines will be stretched with tackle if any 
is at hand; otherwise, by the following method: Attach the rope atone end and lead 
it through all the supports or fastenings; about 15 ft. from the other end make a 
powline in the rope, pass the end around or through the end fastening and back 
through the bowline, . By hauling on the end of the rope the necessary strain may 
be set on the line, the bowline acting as a single block. The end stakes of a high 
line should incline outward slightly. 


Tbe picket line should be ditched if it is to be used for some time, and if rain 
threatens it should be ditched even for bivouac. The-only exception is when the 
line.is on a ridge and the ground slopes from it in both directions. Open a ditch on 
the high side about 3 yds. from the line. If the ground slopes along the line, the 
ditch will be parallel to it, and will have an outlet at the lower end; otherwise, the 
ditch must be farther uphill at the middle, and will have an outlet at each end. 
This drainage should be kept in mind in locating the line. 


20. Stable duties.—The prime requisites in stabling mules are free circulation 
of air without drafts, equable temperature, dryness, and cleanliness. Grain is fed 
at reveille by the stable orderlies. When the animals have finished eating, those to 
be used are harnessed and hitched up. Tho rest are turned into the corral or tied at 
the picket line. The stable police then fork all clean’and dry bedding to the head 
of the stall and work the rest of the manure into piles ready for loading. The 
manure wagon is driven down the aisle and loaded. The hay is then distributed to 
the mangers and the additional bedding is procured and spread. The aisle may 
then be washed with hose and brooms if the air is dry; if damp, do not wash, but 
sweep up with atable brooms, The evening feed is put in the mangers at afternoon 
stables, 


Mules of the same team should stand together, and their harness should be hung 
on racks in rear of their stalls. It is much better to have harness covers to keep off 
dust, 


Grooming is quite as important to the mule as to the horse, but he does not get 
so inuch of it, and in the nature of things he can not. He should be groomed every 
day, if it can posily be done. When coming in from a long muddy march, the 
wet mud should he wiped off with a wisp of straw before it dries and hardens. If 
the animal will not stand, tie up a hind foot as described in shoeing. Always tie up 
the foot on the side opposite to that which js to be groomed. 


21. Shipping mules by rail.—The cars furnished may be either: 


The palace stock car, length 36 to 40 ft., capacity 16 to 20 head; each animal in 
a separate stall, with a compartment for attendants, or 


The improved stock car, length 36 ft.; capacity 20 to 24 head, with facilities 
for feeding and watering in car, or 


The ordinary stock car, length 30 to 34 ft., capacity 16 to 20 head, with no 
appliances of any kind. 


Before loading, examine the car carefully to see that the floors are not rotten or 
broken; that the sides are secure, and that there are no projecting nails or splinters 
on the inside. The car should be cleaned and the floor covered with sand or sawdust. 
Hay or straw should never be allowed in a stock car on account of the danger from 
fire. The man in charge should be provided with a lantern, bucket, and hatchet. 
The latter is to be used to cut away part of a board in case an animal gets his hoof 
through the side of the car. 


Except in very hot weather, pack the animals snugly in the car, as they will ride 
better than jf loosely packed. If an animal falls down in the car it will be almost 
impossible for it to get up without assistance. The attendant should enter the car at 
the end and crawl along the side nearest the animal’s head until heis reached. Take 
him by the halter and raise his head. With this assistance he will probably get up. 
For loading, use the railroad platform or the loading ramp found at railroad stations, 
or make a ramp well supported, with strong sides, and with cleats on the floor to 
prevent slipping. Lanyards should be attached to each side of the floor near the 
middle and made fast to truss rods or door fittings of the car to prevent the ramp 
from sliding off the doorsill. 
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If lumber is not at hand, a ramp may be made of poles and brush, supported on 
trestles and floored like a bridge (see Bridges). Asa last resort, throw up a ramp of 
earth, reaching as near a8 possible to the side of the car, and bridge the gap with the 
ear door. . 


For loading with improvised facilities, always try to get the car into a shallow 
cut. 


Lead the animals up the ramp and into the car and take off the halter straps, but 
not the halters. If the mules are shy of the ramp, a little hay thrown on it will 
make them less timid. Very obstinate cases can he handled by passing a rope 
around the haunches and having a few men pull on each end. The first animal 
is led to one end of the car and the second to the other end, leaving the middle for 
the last ones loaded. The animals face opposite sides of the car alternately. Each 
one led in must be held until the next one is in place. Load quietly and avoid 
exciting the animals either by haste or by unnecessary delay. It may occasionally 
be necessary to blindfold an animal before he can be led in. Animals ip transit 
should be fed and watered once a day at least, or twice if opportunity offers. If 
closely packed in ordinary cars, they should be unloaded and exercised once in 48 
hours and given 6 hours’ rest. 


22. Shipping animals by sea.—Ships must be especially fitted up and equipped 
for this service. Free ventilation and cleanliness are of the utmost importance. Air 
ports should be large and numerous and wind sails must be set up in every hatch to 
each deck. If there are dead spaces, special air shafts must be built to supply them. 
If there is machinery on board, forced ventilation should be employed. Animals do 
best on deck except in very heavy weather, and should never be put below the water 
line, Stalls are built in double rows lengthwise of the ship, facing each other, with 
o 4-ft. aisle between. There should be a passageway athwartships at each end of 
each compartment, and if the vessel is wide enough, the outside rows of stalls 
should be 3 ft. from the sides of the ship. 


Stanchions 6 x 6 ins, are set up, 30 ins. c. to c, lengthwise, and 6 ft. 6 ins, c. toc. 
athwartships between the posts of the same stall. The stanchions are well secured 
at top and lightly to the deck. Before setting up, the stanchions are mortised for 
the side boards as shown in figs. 20 and 21. e stanchions should be further stayed 
near the tops by ties in both directions, fastened to or firmly butting against the 
framework of the vessel. The ties should run straight, disregarding the curve and 
sheer of decks. A false floor of 2-in. plank, 8 to 12 ins. wide, is spiked or bolted to 
the deck, the planks running lengthwise of the stalls, with 84 in. space between 
them. If the ship is to be used for this purpose for a considerable time, the floor 
should be double, with tar paper between the courses. The floor is cut closely 
around the feet of the stanchions. Hard-wood cleats are placed across the stall and 
fastened to the false floor with screws. In spiking down the false floor, the nails 
should be so driven that their heads will be covered by these cleats. Larger cleats 
are laid lengthwise, from foot to rear posts, The stall partitions are of 2-in. plank, 
smoothly planed, fig. 22, inserted in the mortises in the stanchions, and the rear 
ends are closed by haunch pieces. These are shaped as shown in section in fig. 23, 
and are fastened by lag screws to a plank bolted to the rear posts. The haunch 
piece is adjustable in height, fig. 24, and should be placed so that its bottom edge 
will catch the mule 2 ins. above the hock. The front is best closed by a heavy canvas 
band 8 ins. wide, with reenforced edges, a spreading stick at each end and a grommet 
in each corner for lashing it to the front posta. A light strap over the neck will keep 
this band in place like a breast collar and the lashinge may be left slack enough to 
permit the mule to sway and ride easier. Projecting nails must be avoided, edges 
and corners smoothed and rounded, knot holes trimmed out and splinters removed, 
and all parts which the mule can reach with his teeth should be sheathed with metal 
or wrapped with wire. 


For deck stalls the posts are capped to form supports for a roof of 2-in. stuff, 
which should be covered with tar paper. The stalls must also be strongly cross- 
braced. This is best done by inserting diagonals between the posts of every fifth or 
sixth partition. The entire structure must be thoroughly strapped or tied down to 
the deck, 


Under no circumstances should any stock be loaded untii the ship is ready to sail, 
completely equipped, supplied, and manned. 
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Watering is easily done by buckets filled from a hose, the nozzle of which is 
carried along the aisle, The nozzle should have a cock to cnable the flow to be con- 
trolled at the end. The supply should not be less than 10 gals. por mule per day. 
If condensers are used, there should be several days’ supply in fresh-water tanks to 
provide against a breakdown of the machinery or the use of water not thoroughly 
cooled. 

Feeding is best done on the false floor in front of the stalls.. Cleats may be nailed 
down to form shallow boxes to hold the grain in place. I2 heavy weather it may be 
better to use nosebags. Grain should be fed early in the morning. Nonc should be 
given the first day out. The second day a half ration should be fed and increased 
by small quantities if found necessary to keep the animals in condition. Bran 
mashes with salt should. be fed once a week. After feeding the deck should be thor- 
oughly cleaned and such disinfectants as are to be used should be applied. Then the 
hay should be fed. o 


It is better to leave one vacant stall in each tier. Remove the side boards and 
shift the next animal into the vacant stall. Clean his stall thoroughly and shift the 
second animal into it and go on, 


In Joading and unloading the animals should be led up and down ramps and 
gangways if possible, If they are to be transferred to or from lighters, or dropped 
into the water to swim ashore, a sling or a flying stall must be used. After landing, 
animals should be corraled with. the shortest possible march and should be allowed 
to rest 3 or 4 days under conditions which permit gradual increase of activity. 


The sling should be 5 ft. long and 2 ft, wide, of heavy canvas, reenforced at the 
edges by a 2-in. binding of the same. A hem is made at each end to take a 2-in 
spreader, A loop of 114-in, rope is attached to each end, around the sticks, one 9 ins. 
long and tho other 3 ft. long, measured from the middle of the sticks to the middle 
of the loop when stretched. The long loop has a heavy iron ring, 3 ins, inside 
diam, fixed at its middle point. Breast and haunch ropes 24 in. diam. are sewed 
across the canvas 3ins. from the sticks and on the outside of theesling. They should 
be 9 ft. long each way from the center of the sling, The sling is placed under the 
‘mule’s barrel, the end of the long loop passed through the short one and the hook of 
the hoisting block engaged in the ring. The small ropes are passed around the 
shoulders and haunches and tied. The animal should be lifted from his feet quickly 
and set down gradually. 


‘The flying stall is a stontly framed box open at the top and high enough to pre- 
vent the mule jumping out, The inside should be smooth, 6 ft. 6 in. long and 30 
ins, wide. The ends should be hinged at the bottom to open outward, with heavy 
latches at top arranged to be operated by lines from a distance. The floor should 
have several cleats running from side to side. At each corner a }4-in. rod should 
run from bottom to top, terminating in a heavy eye or ring. To the rings slings 
should be fastened converging to the center where they are joined together to take 
the hook of the fall. The slings should be kept apart by spreaders high enough to 
clear the mule’s head to prevent a cross strain on the sides. Guys should be pro- 
bets to control the stall in raising and lowering to prevent its striking the edges of 

atches, 


For a short voyage and work immediately on landing, animals may be shipped 
with shoes on. In this case shoes should be recently set. For long voyages, shoes 
should be removed. 


Animals should not be shipped in high condition. If not worked up to the time 
of embarking, give exercise and reduce feed. 


23. Accountability for public animals.—A descriptive book of public animals 
will be kept with the records of every officer responsible for such animals. It will 
contain & description of every animal received and transferred, showing the kind, 
name, age, size, color, marks, brands, or other peculiarities of each; how and when 
acquired, and, if disposed of, in what manner; the name of his rider and driver, and 
the use to which applied, 


A complete descriptive list of each animal will be made at the time of purchase 
and will accompany him wherever he may be transferred. 
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When public animals are issued or transferred, the person in charge willbe pro- 
vided with full and accurate descriptive lists, which he wiil deliver to the receiving 
officer, by whom they will be entered in his descriptive book of public animals, 

Public animals shall, on the day received, be branded with the letters *U 8” on 
the left fore shoulder, the letters to be 2 ins. in height. 


Public animals will be aasigned to their riders or drivers, who will not exchange 
or surrender them to the use of any other person without the permission of the com- 
pany commander, quartermaster, or other officer responsible. 


ADDENDUM, 1907. 


24, Figs. 27-84 represent forma of Engineer packs for various purposes, recently 
devised and tested. 


Animal Transportation. 27-28. 


Fig. 27. Pioneer Pack, off side. 


Fig. 28. Pioneer Pack, near side. 
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Fig. 30. Supply Pack. 
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Fig. 31. Carpenter’s Pack, off side, closed. 


Fig. 32. Carpenter's Pack, near side, open. 
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Fig. 34. Demolition Pack, near side, open. 
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Balks-_. 191, 193, 201, 202, 206, 207, 208, 212, 243, 244 


Ballast -_ _ 196, 197, 199, 289, 290, 298, 300 
Ballasting...<.2 2-203 se - 289, 300 
tres _- 182 
Balls containing dry medicines _______________._-------_--____---------. ---- 432 
Bamboo bridges ~----._----- 182, 214, ae 
split __ 
Banquettes__ 
Barges______..._ 
Barometer, aneroid ___. 
mercurial _ 
readings _. 


Barrel piers ___. 203, 205, 213 
Barrels: =o es 


supporting power 
BOrricdles oo nmin cecenn cece ce ee eee nisn. 386, 387, 388, 389 
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Beam girders._...-~----- ------ --. ------_~-~---------~-----------.----- 420, 4 
Beams, horizontal . --- 151 
ladder... 5222022 2, 176,177 


long-leaf pine, safe loads for _ -. 150 
safe __--.---------~-.-~---~- 149 


steel I, properties of 152 

trussed....-...-------. 82, 83, ‘176, 177, 223, 224, 225, 226 

wooden, strength of _--_-______ 7. 148, 149; 151 

Bearing, car... 319, 324; 326 

power of piles _--_________.____--------~____-.-~---_---------------. 195 

Bearings .....-.----- = 11,13, 41 

164, 166 

-- 431 

eae: 326, 329 

wo hadi, Ginawennnr acca ans 86 

Saas 194, 195 

Seatcncdedenncseressedusetes 158 

396,397 

pecan eres 409, 417 

236, 240 

piel Ao A Ste, 373 

= 372, 374 

208, 212 

Black hand of air gauge_ -- 821 

Blackwall hitch — 168,171 

Blanket, saddle 441 

Blasting-.____-----. 394 

: 272, 273 

ice. es 422 

rock__. 421 

‘Blind for mules. 2.23252 a see eet 443 

Blockhouses.. 340, 380, 382, 383 

Blocking__._--.... ---— 307, 309, 337 

Blocks and tackles_ ~ 172,175,176 

Blocks, metal______ --- 172,175 

overhauling -. 172 

railroad ___ 337 

rounding in ~ 172 

running -_-___ 172,175 

self-lubricating _ 172 

snatch __. _ 172,178 

standin 172,175 

Blow at the triple__ 322 

‘Blowing-off, of boiler_ 314 

Blueprints_______ 60 
Boat bridges_______. 

spikes, dimensions of_ secetees "162 

Boats a2 oe ee 49 

201 

Boera _____-____-____-_~. 360 

Boiler compounds._. Sié 

feeding -__. 311 

troubles _.__ 310 

Boilers, corrosion of ~ - 3814 

: locomotive __. _ 309,312 

Bolt spring_..__- --- 288, 290 


“Bolted joints 202... i a ck ee 163 
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Bolts_.--...- 
screw_ 
track___ 
Bombproof cov 
Bombproofs 357, 365 
Booms not reliable protection for floating bridges —° 28 
Borrow pits 222 s2255 22 soo eee ees, nave 252, 258 
Bowline....... ~ 164, 167 
on a bight ~ 164, 167 
PUDDING <2 252 ons coe een saen nse dodec ce oe etc 164, 167 
Box compass. See Compass, box. 
girders 419,420 
Boxes, for revetmonts_.__-.- enn pone ee 876 
Braces...---~-----~ 179, 188, 188 a 238, 284 
rail-_ 2 
Bracing --. 
Brackets, in cantile 
Brake beam ~----~----.. 


block __ 
cylinder 
gear. __ 
shoe_______-__-___. 
Brakes, throwing off the _. 
Braking, hand__..-.___. 


Bran.w.------L.e--ne- 
‘Branches, in fortifications. 
Branding__--_----------..------~-. 


Breadth of rectangular cross section _ 
Break in track___.------.----~------. 
Breaking-in shots______ 
Breaking load on wire rope 
Breaks of equalizing gear. 
Breast, in quarrying-_----.. 
Brick rubble for wing walls _____ 
Bridge design, general notes on ~_.-._.-------_.----...--+- 76,177, 178, 179-182, 
: 183-188, 189, 190-192, 193, 194, 198 
equipage, organized____..____._---._.._.--.--_--------+-.------ 199, 201 
over Portuges River, Porto Rico 188, 189 
woteocenoauae 441 
48, 49, 147, 256, 275, 357 
wet testeuccsones: 182 
- 214,215 
202, 205, 213 
ream 421 
226, 229, 232 


199 

20, 421 

~------ 407, 419 

~ 176, 178, 179, 180 

Bet scecb Sas ame Shiv oces 226, 230, 242 

floating ~--_.-- 199, 201, 202, 203, 204, 205, 206, 207, 208, 209-212, 213, 214 
anchorages Of ooh oe ee teed Ce 204, 205, 206, 207 
construction of __. 206, 207, 208, 209-21 2, 213 

draw spans in __. . 208,211 
examples of calculation 213 
precaution in passing — - 213 
protection of____ — 218, 214 

flying oso. 214, 215 
for general road traffic - 47 
for specific purposes__.. - 14 
high-level ___. - 802 
Japanese field -- 246 
411, 418, 419 

wilitary, improvised short-span._...---------.-.~-.------------= 176,177 
Piles 2 oe ek _-- 188, 189,199 


portabls coc ock isi Gacat areas ews uses Geese ee ~~ 116, 177, 182 
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Page. 

Bridges, railroad___. ~------~ 147, 226, 242 
” ‘single-lock ~ 176, 178, 179, 181 
plngle-track o220 ee eb eecas 242 
spar .-----___. 176, 177, 178, 179, 180 
roadway: for 2222-522 + 22-2 ee So eae, 178, 181 

Tope required for_____ _ 181 

Tound timber required for. --- 180 
supporting power of .-____.-. 201, 202 
suspension —______ "236, 237, 238-242, 421 
trestlev2- 525 Sooo on ee eS se Seb eee sce 181 
erecting... 20. es 183-187, 189 


221, 223, 224, 225, 226, 
227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237 


trussed ladder ~ 176,177 
weights of__. -__ 147 

wooden _ - ALT 

Bridles ._-- » 236, 240 
Broken sto: -- 263, 264 
Bromide papers... <a 61 
prints __. a 61 

Brown prints__. = 60 
Bruises ~____. - 436 
Brush..______. ~ 873, 376 
revetment - 874 

work _... --. 373 
Buildings - 387,389 
Butkheads_ -- 253, 284 
Bumper _____ 304,324 
Burnings, of boiler. ---- 310 
Butt straps__—___ 159, 163 
Buttresses _----._---__-_-__--_------.-------- pT I RD Be 258 


213 

between anchor and pier, length of. - 207 
composition of main_._._._._..-___. _ 239 

data for calculation main _ --- 238 
making__._____________ . 239, 240 

of suspension bridges_ 421 
placing__.________. 236, 240 

Cage for ballast. -. 196, 197 
i _ 214,217 

~ 241 

Camilleis River, pile driving in 193 
Camonflet. 413, 416 
Camp .---....--------~. 446 
i - 60 
Oanals ___.______. aces 49 
Cantilever bridges - 176, 421 
Cantilevers .___ 6, 221,222 
Canvas, for rev: 376 
Cap el 22s ea 19,400, 404 
Capacity of average untrained man ________-_----------.------------------- 378 
Capitals. ovocces as cose ---. 367,368 
Caponiere 82, 384, 389 
Caps _______. ~ 402, 403, 409, 410, 411, 412 
strength of - n= eee, 410, 412 
testing of__ - 412 

Car distributor______ ~ 9334 
improved stock - 447 
ordinary stock. _ 447 
palace stock - 447 

rail __.______ - 296 
service agent soon eS oe ne ew ceaece sane 334 


$7625—09-—_30 
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: Page 
Onn, Of COMI PANE i Sco ai ke ee eee 12, 13 
Care and preservation of rigging_ 446 
Cargo covers_--.-----.-------- 446 
Carriages, military, weights of_ 147 
Carrick bend ......-.-------- 169, 171 


Cassiopeia’s chair ——_____.__.__--_-------------- +--+ enn 
Cat’s-paw —_-..... - 168, 171 
Cavalry force_... ---. 342 


obstacle against _ - 384, 385 
sketching. case 1 - io nos och scl stella en. 45,47 
Caving-__.-_-. 395, 396, 401, 404 
Center cuts_____.--_-_-__--__-_.. -.. 269 


heights, percentages added to_ 270 
load_. 201 
of gravity 443 
stakes..._...___.. 265 
trangom__________ 
Centers, construction of__. - 257, 259 
foundations of_ 259 
laying out -__-____ - 257, 259 
principal parts of__ 259 
ribs of ._-_--_- 259 
rigidity of._. 269 
sheathing Of 2222025 ec 259 
Central angle ~--___ 281, 282 
esecee 126, 286 
Des cas anata 158, 159 
158 
417, 419 
31 
396 
Change in grade of roadway - 199 
of direction in galleries lined wi 404, 407 
Odd. 2528 cat eee, 199 
water level 199 
Changes of direction ~.... 396 
Changing direction horizontally ___ 401 
Channels, dischurging capacity of 256 
steel, properties of __ - 153 
Characteristics of logarithms _ 89, 91, 104 
QOharcoal roada._. 225233 5 3 eo a a a aS oe en See ee 
Charge of explosive__ 
weight of....._.--------~~-- --_------~~------- 2222 en-o------ === 414 
Charging. —...-..---- - 413 
Chattanooga, barge or flying 214, 215 
Check bearings _---___-___--_---_-----. - 41 
Checkerboard plan, for military pits — . 386, 387 
Ohecks in pile docks ______-__-____.. - 199, 200 
Cheeks, of notches and loopholes.__.__-------------------------~--_------ 363, 364 
Ohess sa 191, 193, 201; 206 


INDEX, 463 


Page. 
Cheveaux de frise_u. 2+ --=- soos e ee se -- 384, 385 
Chief car repairer___. --- 9338 
train dispatcher. ~ 833 
China campaign ____ ---- 427 
Chisel, track ... 298, 301 
Chockablock____. woes 172 
Choker, fascine_ 372, 373 
--~ 285,288 
226, 229, 283, 234, 280, 281, 282-286 
and ares, relation between the lengths of. 282 

i 281, 282, 283 


Circular functions --. 

common logarithms of - 96-104 
Classification index of lepcarapaicel data. 
Claw-bar__ 


Clearing, cost of ---_ 
line through woods_. 
Cleavage, plane of -----_._-. 
Clinometer ___________-__. 
Clips for fastening wire rope_ 
Clockwise seale_ —---..--._.... 
Closed works 
Clove hitch _. 
Coal, bitumin 
Coaling station 
Coefficient of strength in column____-. 
Coefficients for temperature correction .....--. 
Cohesive compacted earth, supporting Pome of 
Colic, flatulent—___ 
spasmodic 


highs 2s 2s oe 2 Se este a se ae eee eee 
Communicating tren 
Communications 
from ditch through parape 

underground —____-__-__ - 304 

Compacting of the road surface_ 
Compartments of cribs .____. 196 
Compass________. 12, 13, 14, 40, 42, 45, 61, 68, 69, 70 
nee: 12, 13, 24, 40, 42 

ba 


declination of. 
errors... -. 
for night 
illuminating the. 
mariner’s_____ 
points of__ 
prismatic _______. 
sight readings of__ 
stop readings of_. 
traversing with_ 
use of ____-______. 
Compensation for curvature 
Compilation _._.._____.__ 
Completion of the bridge _. 


226, 229, 232 
232, 233, 234 
Composition of main cables for suspension bridges ____..-----------------.-- 239 


Compression on upper chord or straining beam __ 
Concealment. ---- 363,371 
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: Page 
Concentrated loads --....----.------_---__-__. - 149, 201, 213, 221, 243 
Concentric circles or arches ________-_-------- ------ -------- +--+ 257, 258 
Concrete arches_-__--~-~--. ~- 259 

blocks_ 258 
Conductor _-____. 329 
Conduits, circular__ 256 
Conemaugh river, trestle bridge across. 185, 189 
Consolidation of the road surface_____._. 250 


of strength and weight of wood when dry_. 
Constipation 


of double-lock bridges 
floating bridges ___ 
tnilitary railroads 


single-lock b 

the roadway of suspensi 

train. -~- 5 

Contagion ~.-_._.. 
Contour distance_.. 
interval__ 
Contouring _-_---__-___- 51, 552, 53, 54, 56, 58, 67, 127, 385, 369 
field work of ___ secitacu ate ensiasass etcls esoeee ceste Bd, 55, 56 

Contours, See Contouring. . 
adjacent 


minimum valley _ 
reentrant parts of 
salient parts of_. 

straight ----_ 
typical _ 

wavy... 

Conveniences in camping._-. 
Coordinating reconnaissance officer 
Coping of wing walls ~ 
Corduroying of roads-. 
Corona_ ____-____.. 
Corrals, isolation _ 
Corrections, negative or subtractive 
positive or additive__ 
Cotton, for calking...___ 
Counter braces____---__ 
clockwise graduation 


scale __. 
position __-__. 

Counterscarp ___ 

Counterweight_.. 

Couplers ~______ 
automatic — 
freight ____ 
link and pin 
passenger _. 


Coupling signals_____ 
Couplings, strain on 
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Page. 
Cover______---~---------------------- 357, 358, 359, 360, 361 , 370, 4240, 424, 424c 
accidental 5 386, 337, 388, 389 
all in embankment_____-__-___-____--- 360, 361 
‘excavation _ _-. 360,361 
bombproof_____ 391 
cargo —--__ 446 
horizontal___--___.. - 357, 359, 369 
amount of_ ---- 368 
of aparejo 441, 443 
overhead_. , 378, 379, 4240 
ar 365, a0 

: thicknoess:of- 2.20 = <2 3 oe e e 
_ vertical ---_------.. - ais, 350 
Cradle fascine ... - 372, 373 
Crater volume-_. _.-. 407, 414 

ters... 

ONS sas cet alsa s Ses oases Sas Hi Ao aeons Sess 369, 379 
"377 
Stedosst uaa 377 
» nilitary 2 -- ssa see a es ee Soca eae 367, 368 
topographic ______ ~ 365,368 
typical profile of__. ae 54 
Orlb:bridges: co ooo ke ee ee 199 


construction. 


Crossings. 
Orown, distribution of__ 
fixed 


variable__________ 
Crowning, of revetments.. 
Crupper_____. 


Crutches in mining ______________ 
Cuba, military reconnaissance of_ 
Qube of a number___________-_--------------. 


root of a decimal fraction or mixed number 116 
number greater than 1000_____ 116 
CO FG aii ss ie ieee -- 70, 105 
roots, table of, from 1-1000_. -~ 106-115 
Ot pes 2c re ee Pte 126 
table of, from 1-1000_ 
volumes of. 
Cultural signs. 


Culverts 


Tectangular_=- 2-5 ce 25. 
stone____ 
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Page. 
Curvature -~-- 266, 289 
282, 
17 
compound, point of_ 983 
of existing track __ 287 
per mile ______ w--~ 282 
281 
266 
282 
281 
282 
Curve of main cabl 238 
Curved ends of sidings fei tin ocala ite inset ee os a SI de pce eo 294, 296 
Curves.._.____.-_---..._._ 
circular, elements of 344-849 
classification of ___ ------ 283 
compound___. - 281, 283, 286 
connecting ---. 204, 296 
easement _.___ — 281, 283 
in foreign coun —~.. 280 
notation of __----___ _- 280,281 
practical location of 281, 284, 285, 286 
TOVOISG ooo ath ee Se a a a aed 283 
simple — - 281, 283 
spiral _ = Ne, 283 
transition _ 
vertical —-.. 
Cuts --_._____ 


Cutting bridges_-__. 
the enemy’s 
Cuttings_--------------_-------- 


in rock, cost of____ 
Oycle of operations in map reproduction ___. 
Cylinder, brake__. 


Danger, greatest in protecting trains -- 330 
Data for calculating main cables for suspension bridges 2 pa 
65 

52 

Daylight, absence o: 895 
Dead space 367, 370 
Deadman 172, ,174, 240 
Decimal system of library classification __._-___..__------------------------- 130 
Declination, maguetic__..------...-- 14 
: of the compass. 24 

needle 14 

sun .. 24 

Defensibility -.. 49, 60 
Defensive line ____ 3901 
preparation 389 
Deflection angle ___--__ 283 
Deflection of cantilever___..-__-___. 221 
Deflections of the needle, abnormal 14 
Deflector plate_______________.._-. - 309,312 
Demolition packs _____ ..____..-~----~------------ --------------------- ==> 456 
Demolitions .__._. 394, 396, 417 
Depot of materials _______. -- 299 
Depressions in roads, filling --. aan 


Depth of rectangular cross section -----.------ 
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Page 
Derrick cares sees eS et aS os eee ee 301 
frame _ 190, 193 
Detonation --. 
Detonators ~_. 410, 444 
Deviation ___ & 
Diagonal’ oso se oo se ae ee eas eas Set ee eee Sens kee a seece, 419 
Diaphragm __. 309, 310, 342 
Diamond: hitelt 2-22. 0 eee ae ee eee esc saas 443 
Diarrhea 434 
Digging of approaches under fire ___ shank 392 
Dimensions and approximate weights of screw bolts _ 160 
weights of driftbolts__.-...-__-_____. 160 
wrought-iron washers. 161 
widths of angles 154, 
for each of two Howe trusses of a single-track railroad bridge. _- 230, 
231, 238 
of railroad spikes. : 163 
square boat spikes _. 162 
steel-wire nails _. - 161, 162 
weight, and strength of hoisting rope _ 156 
manila rope 155 
transmission or sta: 156 
penne n nen 33 
33 
13 
240 
Direction, accuracy of___. 395, 
Discharging capacity of channels _ 256 
cars, main reliance for 307 
Disconnecting, on locomotives_-__-. 317 


Diseases and treatment of mules__ 
Dispatches, train .---.-..- 

Dispatching, train __. 
Disposition of mules .... 
Distance between traverses _ 
2 
to take off _ 


estimation of 
external _____-.----.--.. 
in feet, between frogs an 
side aces 
tangent _. -- 280, 281 
vertical _. 
Distortion 22.0 2222 bon es oe osc et Bene oeceneseeeS 40 
Distribution of chords and snbcbords ~ 


Ditching the picket line_ 
Division engineer. 

superintendent_ --. 838 
Docks, pile__.. 


~~ 199,200 
Double bowstring truss _ --- 234, 235 
lock bridges_ _ 176,178, 178, 180 
sheet bend _. aan) ‘164, 166 
track bridges - 226, 230, 242 
Draft gear 


Drain, tile 


468 INDEX. 


Page, 
Drainage __-. 54, 56, 130, 250, 256, 262, 274, 395, 405, 408 


Drawing __ 

avoid unnecessary haste in_ 

board, oriented, traversing with. 

Dressings, antiseptic or sterilizing Su 

Driftbolts ____._------------------ 
dimensions and weights of___-..-----___-_-_-__--_----------------- 


Drifting, of locomotive____ ~ 317, 320 
Drill, track... -..- a--- 297, 208 
Drilling for blasting - 272, 273, 274 
rails __-__.. 297 
Drivers, locomotive... 309 
Driving gallery With casea eae 408, 404 
frames and sheeting 400 

Dry cribs_____- 195, 197 
Dummy trench 371 
Dumping earth__. 271 
Dunnage.___--___- 214 


Dust cover, of journal box-.. 
Dynamite _. 


E. 
249 
dumping -------_ 272 
handling ~ - 270 
hauling —. 270, 272 
lodding_ — 270,272 
loosening-. 270-272 . 
quality of 261 
Toad, crown 250 
spreading -________. 270-272 
wet, supporting power o 249 
yardage of.___. cae 271 
Earthwork, cost of__. - &T4 
estimates for. 266 
Easement curves —_ 281, 283 
Eccentric 817 
Economizing heat in locomotive operation -. te 
432 
19-21, 88 
estimated ____ 266 
measured 266 
Elevations_--...-.. 19, 54, . 
table of_ 
Embankments .... pata zehs ce 253, 268, 585-210, 


275, 357, 358, 360, 361, 3 
cost of..-....---.~----------—--. 
materials for_. 


65, 887, 388, 8 889, 391 
‘25 


Emergency action ....-_ 322 

position_ 821 

repair train — 302 

End bracing of trestles 181 

Endurance of mules. 428 

Enfilade fire _____ 379 

preventi 394 

Engine district __ 338 

OUBC seer a eens Seca es oaee 302 

Engineer__._____. - 307, 329, 330 
division__ ------- 338 


materials 443,444, sane 
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Engineer sketching case_..- 
soldiers ___ 


Engiueer’s level 
transit —... 
Balargement of drawing 15,77 
Equivalents, slope. See Slope equivalents. ' 
Entanglemeuts _- 
Equalizing bar- 


Equipment _._._ 
French_- 

Japanese 

Russian - 

Equipage, heavy______ 
organized bridge 
Equivalent level section _ 


aes 201, 207 
- 199, 201, 207 
” 969 
ee ey "69, 70 
183-187, 189 
226, ait; 233 


Errors in length of the base 
Escort of traffic trains___. 
work trains__ 

‘wagon ~--_---___ 
Estimates for earthwork_ 
Estimating rock _____-__ 
Exaggeration in profiles_ 
Examples in making cuts_ 
Excavation ~---.--__-__._ 
subterraneous ____ 
Excavations for embankments-__ 


Excess of real length over the nominal length. 282 
Exhaust, irregularity of_. 315 
port _____. 323 
Expansion of rails - 297 
Exploder-_._- ——s 409 
-- Laflin & Rand_ 410,411 
Explosion, accidental _ 409 
effects of... 413 


Explosives. 

demolition with _ 41 
weight of ...--_-... 417 
Extension pieces to feet of trestles _ - 182 
Exterior crest _...--.---------- 377 
slope 358, 359 
External angle _ 280, 281, 282 
. .. 280, 281 


257, ) 259 


- 367,368 
redan______ ik 368 


Facilities for communication — 


Factor of safety of timber —_ —— rc 
False frame in mining _ 399, 400 
Farcy ~_.-._-------- 435 
Faacine Choker. 372, , 373, 374 

"revetment i<< 0% 2 oe 372, 374 


Fastines 


372, 373, 376, 379 
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Page. 
Fastening materials _.._...-.-..--.--------- 154-158, 159, 160-164, 165-170, 171 
Fastenings, details of, in Fink truss _---...-.--..----_______.----------- 224, 229 
socket_____..-___.- 157 
Feathers in drilling. wee: = 273, QT4 
Feeding_..--.___- 
Molling. trees 2552222222220 s2p Seth oe a i59, 163 
Fender piles___--_-___----__-_--_------. - 199, 200 
Ferries, boats, and other means of crossing_. ues 49 
Field driver, operating___-_._._----------- --~--- 194,195 
level ...____ 895, 396, 397, 401 
pile drivers_ 192, 193, 194, 195 
NOUIWAYS 2220 Se os 2h oe ene nk ode cneatisnccenahcasacsaamcnacee 342 
sketching, outfit for. 62 
terminals 307 
Fieldwork ____ 40 
of c B- 54, 55 
Fieldworks, execution of -. 376 
Fifth root ___..__.--.-. -- 136 
Figure-of-eight knot ~ 164, 166 
Filling, for stockades_. -- 380 
spandrel___ 258 
Fills w2ck nose ean, 290 
ilteri 252 
SeeSe eee ae 224, 229 
me 144 
416 
383, 389. 
307 
415 
410 
317 
413 
370 
310 
position __. 358 
premature = 415 
2 362, 363 
163, 165, 221 
Fisherman's bend or anchor knot. --. 164,166 
Fitting of the harness._....-.. 440 
Fittings, wire-rope___. ~ 157,159 
Flag-holding device - 298, 301 
Flagging __---_ 329, 330 
Flagman’s outfit-. 329 
Flags -_-.--.-------_---- 325 
Flanking by vertical fire. 388, 389 
re _.----~--- 367, 383, 389 
SIOHCHER Coes Sones ec ahaiamatancudhaniar eaten itinabeeslene 383 
Flanks ..-..-..-- 
of lunette 
Filatulent colic___. 
Floating bridges -_...--.------------~---------~-+---- 199, 201, 202, 203, 204, 205, 
206, 207, 208, 209- 2i2, 218, 24 
anchorage of -____.--.-----------.---_------- 204, 205, 206, 207 
construction of__ 206, 207, 208, 209-212, 213 
draw spanea in _-______ 
examples of calculations_ 7918 
precautions in passing 213 
protection of____-_.-. -. 213,214 
Floating piers..._-.-.-___-. 203, 205 
Floor of return .......--.-----~-----~ ----------~ ---~-------- +--+----2-----, 403 
Floors for bridges__...--.-.------..-- pee aude eens ane 6, 180-182, 201, pers 


205, 207, 208, 226, 229, 233, 235 245 
Flying Dt g0 aan anne nnnn nanan Benes seer mi 2i8 
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Foaming in bollers__._-__...... 310 


Foot, pricking the ~.-.....---__-...-_~_-_ ~~ ---- eee 436 
i ~ 178, 179, 180 
"427 
193 
379 
- 49, 387 
Forest, reconnaissance of_ 50 
Forge wagons ~____..-_ 201 
Fork, rail -... - 295, 297 
transom_..____..-_. ~ 178,180 
Form.and strength of slings__. . 236, 241 
Fort, bastioned ...----__.. ~ 367,372 
star .--__. -.-. 367,372 
Fortifications -..... 62, 64, 357, 367, 372 
Forward nondrivers__ Seascecues.. SUD 
Fougasse._____---_ 407,,414, 415 
Foundations_. 232) 289 
Founder... 436 
Four-legged trestles 182, 183 
toule teams -_. i 438, 439 
Fourth root _-_______. a. 116 
Fraction, representative__ ---. - 33 
Fraise ....---....-----. ~ 384, 385 
Frame of block --. 178,175 
Framed trestles__ 184-186, 189 
Frames..__..---. 177, 178, 179, 180, 190, 193, 396, 397, 398, 399, joo 401, 402,403 
auxiliary 
false -...-----.. 


of running gear. 
position of... 399, 401; 402 
Framing —---.~--. pdaseeesescens feet ed cok b aed noe bien acceecsonuce 163, 165 
Frapping turns - 171, 172, a 
Freight agent — wousaut 
Frenchman... - 66, on 
Frictional resistance _ 195 
Frog construction____ 292, 293 
punctnre of the... ....-__--- ------- ee 436 
Frogs_...-.------- 13, 294, 296, 353 
bolted. 292, 
Keyed _ 


length of 
ordering 
rerailing .. 


for locomotive. __- 
Fulminate of mercury _ 
Functions, circular —_ ~~. 
natural___. 

of the crupper __ 
Fandamental topographical 
Fusees 


G. 

Gabionne 2s er 375, 376, 379 
form___ aa. 378,376 
revetment . 375, 316 

Gagosian, - 279, 281 

actual -- 279 
321. 


279 
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Gage rod _.-... 
rodg ---- 
standard 
track___. 
Gaging.__ 
Galleries._..----~. 
ascending 
common __.. 
descending . --. 401, 402 
rand .....~ 394, 396, 398 
Alf coo aso ee ee eee ee a 394, 398 
inclined - 399, 401, 402 
ObHQU6 = 22280 53 3 ae ee eet bene ee ee * 4038 
of departure . 402, 403 
partly lined_. : 401 
rectangular. 403 
return... 403 
Galvanized chains. 158 
wire _____ 167 
i 156 
Garrison, field work of__ -. 869 
Gear, brake .__.__-. . 324, 325 
draft... ~ 324, 325 
equalizing. - 307,308 
running _ 307, 308 
Gelatins._.._____. .. 408 
General manager ____-.. 338 
Geometrical constructions_. =o 124, 125 
Girders -.-. 


Grooming _. - 44T 
Ground lines -_ 446 
Goldie spike — 290, 291 
Gorge -___. 367, 368 
defen: --. 367 
trench___.._. 367,368 
Governor, pressure 318,320 
pump -... 321 

Grade of roads --__-__.__. - 250 
roadway, change of 199 

Graded sooo eke ace 14, , 28T, 289 
intersections of rising. _ ' 266 

long -...----..--. 249 
natural _.__. 249 

i 249 

steep _.... 265 


Gradients ._-___...--.-_--- 11, 19, 20, 24, 30, 40, 41, 48, 51, 54, 67, 180, 249, 396 
comparison of the different methods of expressing. 16 
determination of, by the plumb line _.---... 

Graduation 


values of, at surface of earth 
Gravity clinometer ___-_..-----_-----. — 
Grillage:- oni cee Se tin ene, 
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Ground having lateral slope, cuts in...._-----_____-_____. 
level sccceoen seco 
lever switch stand _ 


water, lowering _ ~- 250, 252 
Guard for floating bridges ---.....--------_---- ..___---~ ---~--~------- ~~ 213, 214 

‘Tails___.~-------__ 176, 242, 291, 294 
ee Se 339-342 


y . 147 
Gunwale timbers 203, 205 
Gusset plates __ pase ia oes, 159, 163 
Guys __.-.-__ 178, 179, 180, 190, 198, 207, 242 

H. 

Hochuresns5 5 occ oe Ub a ee ee, 57,58 
Hai-cheng River bridge -. 246 
Half-closed works____ ---. 867 
. hitches________.. 164, 166 
Halting ou bridge to 213 
Malte ooo. oases cae toe —— 446 
Hammers for driving piles _. ~~ 193, 195 
Hand braking _....--____. ---. 823 
rails —_.. - 176, 236, 241 
Handling earth... <2 sce ena oe eect nce eeee each ee getee eee cee 270. 
TOOK wrucoss aces Vac ticket oa Sang eae ana snuneeeebaw tees dann eee. 272 
Harness.-------.-.------ 438,439, 440, oa 

Haste in plotting and drawing___--..---------.~--4.----~ -..------------ === 
‘Haul for loade.-_-.---__- 270 
mean __ a. 270 
Hauling earth _ -~ 270, 272 
Haunch piece__. _ 448,450 
Hawser bend ~ 164, 167. 
Headache -_.. 408. 
Head block. 296 
cover 363 
Headers__. 371 
Headlights, 829 
Head shoe_____..~___. 294,295 
StTappera eee ecu a 8 Sees See ele teed can 297 
walls, pipe culverts protected by_- 261, 262 
Hectograph 61 
Height, difference of _. - 19 
of instrument__ ae, 86 
Heights, side ..________ - 265,273 
Hemp rope, strength of. 155 
Herd guard__ 431 
Herding __. 431 
Hexagon, side of “124 
Hexagonal bar __. . 272,273 
High-angle fire ____. = 390, 391 
Hoisting rope, dimensions, weight, and strength of -_ wee 156 
Holdfasts____-.-_.-.-.-_---__-___-------------- - 172,174 


474 INDEX. 


Hopper loophbole_.. 
Horizon beams - 


glass ___ 88,90 
Horizontal cover_--_ : 369. 
distance eee see, 27, 30, 32, 40, 52 
distances for gradients of 0° to 30°_... 82 
equivalents aaa 29 
plane_____.___ 11 18, 14, 86 
reduction to the. 28, 32 
scale _____. oe 40, 52 
Horse -_..--..-.---- 427, 431 
Horsing up, in recalling _ -~ 217 
Hospital_._-_-_----__ 389 
detachment__ 802 
Hospitals, isolation — 435 
HOUG08 2 soe Soses oh bas on Sees nea ee » 389 
Howe trusses__ 228, 229, 230, 233 
trusses, dimensions for, of a single-track Tailroad ‘bridge ~-----~ 230, 231, 288 
Howltzera. = o- = cee encce 365 
Hurdle____ ~ 372, 374 
continuous. ---. 374 
weaving - $74,375 
Hydrography-_-. 65 
Hygrometric conditions -- 21, 22 
Hypothenuse 
. I, 
I beams, steel, properties of_. 152 
Ice, as abridge — --_______- 214 
removing, by blasting ~ 422 
Igniting means____--_--___ 415 
Ignitions, simultanéous_. 41 11 7 412 
Image, limits of -.-._- 83 
Important points -~_. 339 
Improvised anchors___ 207 


Inch, tistooniie of, into decimals of an inch_____. 
Inclination of struts Sa 
Inclined piles-. 


Index error__. 88 
India ink. _ 68 
Indications of disposition of mules _ 428 
endurance of mules — 428 

strength of mules. 428 

Inflection, point of_-. 52 
Injector troubles. --. 313 
Injectors____-__ 311, ies 313 
work be: 313 

Ink lines, firm and very black_-__. 68 
Inside rails, gain on curves of 299 
Inspection of air brakes_-__- 322 
Inspirators____.__-___~. - $811 
Instantaneous fuse _ . 410 
Instrument, height of_ 86 
Instruments, improvised -____ 48 
wipe off before using _ 68 

Interior arrangements .___-__ 369, 370 
crest ..--.__ 365, 31T 
slope_____ -_ 358, 371 
Intermediate parks _ 307 
supports _-___... 176 

Intersection, location-of point by _--_-____. eee ots 30, 45, 46,49 
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Intersections 


of rising grades _ 266 

Intrados, radius of. _ 257, 258 
Intrenchments rsh 990 
deliberate_ B57 

hasty... 357 

Inundations ......-. _ 49, 387 
Inverted forme .__... -- 226 
Investing force, complete_ 391 
troops _._--.. 391 
Investment, line of . 390 
zone of 900 

Invisibility. 369 
Iron rods, sizes and working s 295 
wire, size, weight, and strength of... 157, 158 
Isolated posts_..-_-.-.-----.------_-. 369 
Isolation corrals -.. 435 
hospitals 435 


angle-bar. 
bolted ss aoe celina evaentneloannmm eta wane baat Seneca 163 


Jute rope, strength of ____. 


Keeping wagon in order. 
Kingbolt _-_--_-____. 
King-poat trussesa__._______-_.-_--_---_- 
trusses, stress on members of __--__--_.--_---~------------------- 
Kneeling trench__ 359, 360, 363 
= — 164, 166-170, 171 
-- 324, 325 
394 


Knuckle of automatic coupler _ 
Kuropatkin, fort ----..--. ---------- 


: ql. 
Labor, amonnt of, to cut brush 873 
Lack of materials______._._ 389 
men ___. 389 
time _. 389 
tools _ 389 
Ladder beam —____-____ "176, 177 
Laflin & Rand aspire = 410; 4it 
Lag screws . ---- 160 
441, 443 
---. 436 
Eamp-holding device _ = ERB y 301 
Lamps —-...-__. 325 
Land mines ____ w_- 414, 415 
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Landing pliers 

Landmarke______- 

Landscape sketching — 62 
Lanterns ~____-------. 328 
Lap position, of rotary . 321 
Lash ropes _.....----.~----- ~__- 441, 443, 446 


Lashing for a pair of shears_.-..--_-_----______. 172,173, 182, 183 


three spars together as for a gin or tripod _ Seer, "172, 173 
Lashing9 50-22 3c colac tended as sen ct ec eeecs 171, 172, 173, 182 
lateral bracitga: 2-32-5225 52 sus soos wo seh cece usca ocean cede 233, 237 

slope —_.. 269 
strains... 199 

thrusta _ 199 
trusses__. 233 

Latigo — 443 
Latrines..-.. 389 
Lattice girders__. 419 
truss ~---.---------~~-- ~- 235, 237 
Layout of switches and sidings_ 204 
Leads, double___---------... — 198,194 
Leak, in air brake -. 321,322 
. ** botlers__. as 310, 311 

train pipe_ re 322 

triplennsi coos sous en tendnbendn teen ceenk bate ce as aceon 322, 329- 
Ledgers .--.. 

Leeboards ~-_.. — ee 84 
Legs of approach — _-. 392, 393: 
Lengths of slings -. 236, 240, 241 


69, 75, 76, 141- “4s 


rod 
rods, welf-reading 


~ 85, 86 

target ____... ~ 85, 86 

sights ... 54 

spirit _. 14, 15 

tube -_. 17,18 

use of the___. -- -86 
Leveling, barometric. 21 
Lever, equalizing ____. -. 3807 
for turntable. 303, 304 

130 

61 

199 

395 

329 

829 

Line of division____ 357 
-Investment___. - 390 
strong profile_. 867 

Linen, tracing------- 69 
Lines, picket _--_-___ 446, 447 
446 

i 446 

straight __--. 83 
Liniments _____ 434 
Lining tracks_____ ~~~. 300 
Linings of galleries _~ 896 
wooden — _ 896, 397 

Link block___.____-_____ - 316, 317 
motion, accident to. 316, 317 
Listeners. -_. 415 
Litharge ___ ---. + 408 
Little drum ~ 318,321 


Toad. hoe ee a ee eet aa 417, 437, 438, 443 
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Page. 

412, 413, 427, 447, 448, 451 
---— 270, 272 
, 15. , 199, 201, ‘202, 

14, 215, 221, 228, 225, 230, 238, eal, 243, 244 
155 


center 201 
change of__. 199 
concentrated_. 149, 5201, 218, 221, 243 
dead__..... ---. 147 
live _ 147, 238 
moving. Zar 147, 149 
safe _ , 150, 155, 221 
station: 

wheel —__. 

Loads, working--.... 


Locating line of trench _. 
Location, accuracy of .... 

by deflections __ 
ordinates, final__ 


of a curve, practical__. 
point by intersection 
military railroads_.._.. 
trouble in locomotive _ 
Locking bar, for turntable_ -.._ 
Lockjaw —._.~__...------- 
Locks, destroying... 


Locomotives -__--_... 305, 306, 307, 417 

classificatio: 308, 309 
Logarithmic tables ._. 91 
Logarithms 


Long chord. 
Long-leaf pine beams, safe loads i in | pounds fo for... 
Long-range fire_. 
Long splice ~-. 
Longitudinal b: 4 
stress on beams. 


Loopholes --______..-----. 363, 364, 366, 371, 381, sie: 383, 339 
hopper _ Sabatkatwocoduckaie na 364, 365 

Japanese = _ 364; 365 

Ruasian .. 364, 365 
Loosening earth —___--_. 270, 271, 272 
with a plow _. as 270 

175, 176 


Macadam roads... 

co 

Machine guns _.__ 

“Machicoulis gale: 

Magnetic declination. See Declination, magnetic. 
meridian. Ses Meridian, magnetic. 

Main cables for suspension bridges, composition of_...._--.----------------- 239 


data for calculating— 238 

defensive line. 391 
engineer park. .__ 391 
Maintenance.of military railroads_.. 279 
track 300 


478 INDEX, 


Mallein treatment 


Management of vicious mules 437 
Manchuria referred to__._.__-- 347, 365 
obstacles employed in ~ 384, 385 

Mange noon 2 soon escent s 
Manila rope, dimensions, etc., of -- 155 
Mantas___ 441, 443, 6 
Mantiasa _ 89,98, [04 
Map drawing -_----~.---- aww = 129 
of area to be reconnoitered. 58 
66, 67 
60 
: 33, 67 
33 
7 
446 
329 


Masonry bridges, destroying 
destroyitig_-_____.. 
retaining walls 

Master mechénics:_-____. 


Material per mile. of single track, quantities of_ 354 
Materials, binding -----.-----_.. 250 
engineer __ ei Dae, -- 443, 444,445 


fastening. __.. 
for road making... 
wire entanglem 

- in gabions 
Mattresses__ 0. 
Maximum pressure on abutment. 
“ridge contours___ 
Meadow sign 


154-158, 159, 160-164, 165-170, Vit 
250, 261, 263, a 


an Seed 


Méasuring a vertical anglo_ 
an irregular | area —. 


Medicines, administration of 
Meet order __ 
Melinite _--__ 
Mercurial baromete: 
Meridian eoweue 45,51, 87, n 
n, 13, 14 AD, 45, TL 
coat sere 14, 45, 71 


Metal girders_- 401 
Metaling a road 266 
, cost of___ , 215 


Metals, destroying — - 419 
Method of offsets from the tangents. ; 286 
Mexican boundary survey referred te- 427 


Middle ordinate. -_. 
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Mining, military 


Minimum vailey contours __ 52 
Minutes and seconds in decimals of a degree. 350 
i 412 
357 

» 170, 171 

tars --------. 365 
Motive power___---. 279, 307, 823 
department _____ ” ? 338 

Mountains, reconnaissance of_ 50 
Mud roads__._ 289 


Maule, age of------___-. 428, 430 
compared with horse... 2 427, 428 


diseases and treatment of_ 432 
disposition of __.------- 428 
endurance of_____...-.-2_---....- 428 
exempt from some diseases of the horse 428 
exterior formation 427, 429 
management of vicious_ 437 
selection of 428 
skeleton of 427, 429 


standard draft and pack animal of U. 8, service. 


for shoeing. oe aan 
steel-wire, dimensione of - 


Names and dimensions of, parts of light and heavy trains 202 
Natural functions - 116 
if 

soesee os 310, 312 

335 

297 

Nominal length of subchord__. 282 
Nonerosible material, for tile drain 252 
Noninterruption of traffic —_. 265 
Notation of curves__ ~_ 280, 281 
Notches -.--_.-- 363, 364, 365 
Notebook, traversing with compass and_-....-.---------..~-----+---------- 40, 42 
topographic field __ : 42, 43, 44 

Kotes to ATAWIN G82 soe ssc c cu tcnecclecocecwe tke So ceten eee abe Seat 71, 74 
Nozzle, locomotive — 809, 311, 312 
Nut locks pee patie! 290. 291 


os 160, 288, 290 


Obstructions to communication ..-......_-.__-.. ---------+ ---- ---+ ------ +--+ 


Octagon in a square______-__.. 124, 125 
Odometer es - 18, 29, 30 
Odometers, number of revolutions per mile of wee 30 
Offsets from. chords produced _____ 285, 288 
ben ...the tangents, method 286 

tangent____.-.. 286, “288, 350 
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367 


Operation of ier railroads 
Order, annulling --..-.----__. 336, 337 
hold sos 335 


segmental arches____--.- -.....--. 


middle and sido, in thousandths of feet... 351 
Organization, technical._____.----.---_---__-_-. .. 387, 338 
Qriented drawing board, traversing with. 45, 46, 61 

MAD snseee coe ncuiecaee _ 45, 48 
Orienting__ 45 
Oscillations_.._________ 242 
Outfit for field sketching -..._..__.___ 3 62 

traversing with compass and drawing boar 42 
notebook.__. 2 
Outgauge._......--..---------------------- ==. 214 
Outward thrust of ballast. - 196 
Overband knot__..-._ - 164, 166 
Overhauling bIOCES 3. <ss-22202-5- one one dee wnew beeen oe see eee eee 172 
Overhead cover __--... 

Alea Of q oo so ce eee ce ceeadacaw ac esuohee owl oeselses 365, 366 

thickness of..-.----------.-= Pieieeed enc ace Cae neeaeeiome 

P. 

Pade tally: cuca ses tee e cnet et aT 
Paces measured on the slope. 28 
on horizontal ___. 28 
Pacing mounted___ 27, 29 
on foot. = 27 
Pack saddles ..-..---_.--____ __-. 441, 442 
transportation, advantages of _.-__ 427 
packages limited as to _ 427 
Packing material in pipe culverta______.. - 260 
Packs, carpenter’s ___--..-__._.-. ~ 445 
demolition __ 456 
engineer . 452, 453-456 

WeSNOd oo oc eotcs coke cote ced decedocounaetoucccenewcose un tecades 
i 453, 454 
443 
454 
43 
Pairing ~ 874 
Palisades ________ 385, 416 
destroying.._ 418 


Pan coupé______.-- 367, 368 
421 
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Paraffin coating of caps ___......--__ 409 
H poe 80 
371, 377, 379, , 380, 391 
"358 


sections, areas quare feet of__ w~- 422 


thickness and relief of..-..---_ 378 
Parking wagons _-.------_- 446 
Passenger agent -. 338 
Passing order__._ .- 885 
Patrolling _... ---- 340-342 
Pavements ________ 250, 261, 264 
Pedestals of trucks_ _-. 307,308 
Peep sight_______. = 26 
Pens, circular... _ 69,70 

Tight-line__ ~ 68,70 
ruling--- 68,70 
writing _ 68, 69 
Percentages added to center heights cae etch 270 
Petticoat pipe _----_.---_ ~ 309, 310,312 

Picket line, ditching +.-2---2-. 222-2222 22---25-sc205 23 cccsce wane ccl nn ee 
wana. 446, 447 
408 

> 

199 
213 
an 204, 205 


187, 188, 189, 190 
----- 188, 189, 199 


drivers, designe for. 191, 192, 193, 194, 195 


field ___.. 192, 193, 194,195 

portable ~-—- 191,193 

driving ~...-----___.. 90, 191,193 
Piles, bearing power of_____---------...- ----- ~~ nn ann nnn ne 195 
ender__.----... --. 199, 200 
inclined .. .-- 199, 200 

spur _-------_._.. --- 199, 200 
supporting power of. 195 
Piling for railroad work... - 187,189 
Pillars of pine, worsing le load in pounds for 151 
Pilot man 334, 337 
Pins, wooden... : . 158 
Pipe, cast iron. 261 
Stato cdc 261 

weccsaes *"260 

261 

Piston, tightness of, i the triple 322 
he ee we 323 
valves. —- 316, 317 

Pit, military. . 386, 387 
Pivot construction of turntable... - 303,304 
Plane figures, properties of some_ --- 128,125 


horizontal____-__-----____ 11, 18, 14, 86 
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Plates, gusset —_ 
Platforms 
Plenum operation i in ventilation — 
Plotting.-2- 02sec e 
avoid unnecessary haste in 
best method of __---.-.--... 
scales... 
Plow, loosening with 
Plugs, in drilling __ 
Plumb line -___ 
Plus definition. 
Pocket of cribs — 
Pockets ----. 
Point of compow 
curvature_ 
tangency 
view -—.- 
Points, invisible _ 
visible 


track ..___--_.. 
trestles. maeoity LOL 
Portuges River, Porto Rico, 


Position, artillery. a 61 
depth of the __ _ 61 
length of the _--__ 50 
occupied by an enemy. 61 
reconnaissance of__.. 50 
running.__.___.. $21 
sketch _ ---- 61 
Posts __------__ - 186, 189,325 
Wertical jo 2022 eo ee nee ca 253, 
Pouches, leather_ 443,444,445 
Powder .. 409, 414 


Power, ani 
Pratt trusses 
Precautions in passing floating bridges_ 
Precedence of trains 
Prescriptions, veterinary_ 
Pressure blower ~____- 


Pressures, distributing 
Pricking the foot _---_-. 
Priest cap a ene, 367, 368 
Primers___. 409, 412, 413, 419) 420 
Priming - eins cerca: SLB 
3i1 
61 
60 


Prismatic compass. 
Profile, angles on 
Of ground: 6222-22-00 ooo ee as ee 265 
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Page. 
Profiles___..---------------------- 56, 358, 359, 362, 363, 369, 877, 424a, 424b, 424¢ 


Prolongatio: of ridge ~. 179 

Prolonged attack of field gu 360 

Properties of steel channels__ 153 

I beams 152 

DOTS 2222 ee aad tana cece otaccree cs eee te 153 

Protection___..-—------ 329, 330, 337, 379 

from fire‘or vlew 1222-23253 foo oes oee eect Se 357 

of floating bridges __.__------..-2_---------.----+--2-------.- 218, 214 

Protractor____--_---._-_~. 32, 33, 34, 40, re 
improvised) 2-2 soso - scout ces Sosaeaignco tte, Sa ceceese 

. 34, 2 

- 33, "34 

314 

406 

force, in pile driving - 193 

in air brakes __ 318, 320 

Puncture of the: frog 2-3 28s os oo eas oe seen acentineecasecccces 436 

Pith Piel eon une one eek rae em hen Bi ig ree 395, 397, 403 

@ ; 

Queen-post trusses.....-------- prota eee 223, 224, 225, 226, 227, 229, 232 
Quick-firing guns- 2... =--- 252-22 so ose So ese Hee cce ns 340, 341 
R. 

Rack collars_.___-.-----.----..----. ------------ +--+ --~ --- nee e eee 
Radial lines _____-___ 


Radius of curvature__. 


reconnaissance of______- 
spikes, dimensions of -__ 
Railroads, belt _______.--_-_____- 
crossed_.. 
destroying --____-_~-_-- 
interrupting traffic on ... 
curved ____.. 
expansion of__ 


portable pitt Aree he neta oe Leet ee ees Dees oon Rae e ten 


484 INDEX, 


Raising tracks 
Raking in firing — 
Ramps_-___---~-. 


Rate of curvature _... 
working in mining 


Ratlines_____.-_-----_- - 217 
Rear-guard position... ~ 871 
Rear nondrivers — 809 
of a line_-.. 369 
Reconnaissance, field__.._____. 49 
for a. camp or Ww: 55 

of a position ____.__-__-____ = 50 

railroad ____ 49 

- 60 

~ 127, 128 

60 

river _____ 48 

road___.. = 48 
topographical__...--___. sb cs 11 

with a moving column _ &8 

Reconnoitering --.-._.--___------------ _ 341,342 
Rectangular cross section -- 148 
Red hand of air gage. 321 
367, 368 

357, 867, 369, 372, 424, 424b 

Becteecce ines Sok ok eel te et ee to 76, 77 

to horizontal - -. 2b, 32 

Reef knot__..---_-.--_-___. “164, 166 
Reenforcing local guards --~ 341, 342 
Reentrants_____..--_.--.------------------. - 54, 55, 62 
Rees, Captain, design for driving piles by hand -- 191,193 
Reference, plane of____---_-_---------------. was 19 
References_____-_-. 388 
‘Refuse, disposition of__._-.__--------.. -... 869 
Relation between lengths of chords and arcs. 282 
Release position... ---------..--..-----. --- 821 
Relief of a parapet _ -. 358,359 
the ground_. 56 

Reliefs _-_-._---_.- _ 877,378 
regulation of-_. 37T 
Renewing rails —_. 301 
ties _. -- 801 

Repair trains ---..-..-.-. 301 
emergency 302 

Repairing harness ~.. - 440, 441 
Rerailing___.___-___ - 820 
Representative fraction 33 
Reproduction of maps_ a 66 
Resection ....-_-_~. a 30 
367 

- 318, 320 

Eee, 318, 320 

418, 420 

poll AM eee de Mt . 403, 404 
Reverse curves 268 
fits os Ra as ee ee tS ee hae 379 


Revetments_______. 


gabion -.-_ 
miscellaneoug___________.------~~-.-------------------------... 376 
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Page. 
371,372 
871, 372, 373 

timber or poie_. 


Bibs of centers ---...----. 259 


Sane 68, 70 
Rigaity of centers, necessity of. 
River reconnalssance_____. eee 48 


Road ‘bearers _._____.. - 221,222 

earth, crown of —-_ 250 

good in all conditions of weather ~..-____--___-____ 261 

in good condition under traffic in wet weather, maintaining 250 

master. -.-- 802 

_ 40, 42, 58 

--.. 250 

aa pa ataion, __-- 279, 289 

"48, 130, 357 

aoaend 263 

249 

a--- 274, 276 

180, 264) 275 

249, 250, 264 

oo 262, 263, 

250, 251, 252 

_ 262; 264 

wagon ___..-. eciesce et Lee Soe OOD: 

Roadway of bridge_____ 176, 177, 208, 221, 222, 234, 236, 237, 240 

spar bridge__. 178, 181 

241 

Rock, estimating --. 272 

andling .__ 272 

Rocker arm _____ 317 

pin .- 317 

Rod, flexible. --- 85, 86 

65 

83, 84 

84 

88 

Rods, sizes and working strengths of iron -~ 226 

Roller, use of ____-_-.---------.------- ---. 264 

Rolling hitch ----- 169,171 

49, 279, 323, 325 

Sesccscs:,,. LE 

~~ 154-187 

. 436 

301 

hemp, aitennth of __... 155 

hoisting, dimensions, e 156 

{rte strength of. 155. 

lair __. ---~ 441, 443 

lash _. 441, 443, 446 

manila, dimensions, etc., of _.._- -------------~-_...------------------ 156 

required for spar bridges.___- ere 181 

BN Geis ee ee 441, 443, 446 
standing, dimensions, etc., of_--..-------------.----~. ---------------- 1 

transmission, dimensions, etc., of_____._-------~-. -------------------- 156 

wire. 155, 157, 239, 240 
ROT ites. toe ol eeb kno S, (occa con deuswebes weecc sec eeeacs ens $21 

Roughness of civil roads — 249 

Roundhouse..__.____._.. 304 

foreman 338 

Round timber required 180 


GUT oe ot IS ec Gens el ee es 164, 166 


486 INDEX. 


Page, 
Ronnding in: blocks52- +2 22-2) sooo eca cecal 172 
Rule, slide ---... -. 70, 104, 1 
Rules -__._- ene 
Ruling pen --.. 68, Es 
Bun-late order.__._ 336 


Run-off, length of ~--.-. -. 287 
Runners, on pile drivers _ : 


Running block ~._____.. ~ 172,175 
bowline______ ~ 164,167 

gear of locomotives 807, 308 
position__.__.___. --.. 321 

Rupture, radius ... - 407, 418 
surface 413 

Russians referred to__-----..-----------.---------. 885 
240 

pack ~ 441,442 

Safe loads -___--_____.-__ 149, 150, 155 


uniform load in pounds _. 
Salient angle _-____~_____ 


eee aenek “392, 394 
double __. _ 392, 393, 394 
left-handed _. --. 892 
Tight-handed _ 392 
single_____.. "392, ,393, 394 
traversed__ Be "393, 394 
Saw, rail ____ -- 297 
frames ___. -. 196 
Sawhorse trestle . - 184,189 
Scale, clockwise _______ 33 
counter clockwise — 33 
horizontal ______. . 40 

in boilers .. SI, 314 

66, 57, 67 

-~ 35 

side Gene: 40 

~ 33,35, 36-39 

35,36-39, 42 


Schedule meeting place 
train order 

Scour by the overfalls, preventing _ is 

of water in side ditches __ 
Scrapers 
Scraping grader _ 
Scratches____ 
Screens __. 


_-------. 280, 281 
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Second parallel ____.__.. 
Sectiona, annulling 336 
level ___. 266, 269' 
oblique _ 269 
of trains. 330 
Segmental! arches, middle and side ordinates for 260 
Semaphore _......----------------------.~-. -. 828 
Sentinel Hill ...__.____. - 66, 67 
Seoane, Capt. Consuelo A_ 180 
Service position.._...__. $21 
Serving .--.-.. 158, 159 
Setting trestles .......___ 182 


Settlement, allowance for 


’. with cases, sinking ~-..-- —_. 
Shearing strength of wooden beams_________________-__.-...---...-----+---- 
Shears, lashing for-___________-. 


Sheathing of centers ______-________ nr nme ennn ee 

Sheave, of block ___. on “Tie, P44 
Sheep shank .... (168, 171 
Sheet, train Beech eee emanecd netece: BOT 
Sheeting -___.. 396, 398, 399, 400, 401, 402, 403 
Shell of block’ -. 2. = 22 oo a ec 172, 17 5 


Shelter_____. 


Shield _____---___._. 
Shifting, a of piles_. 
tackles____ 


448,449, 450 


Shipping animals by sea 
mules by rail ___. 

Shoeing ~-._------.. 430, 436, re 
Shoes, .mule_.. 
Short splice _.. 
Shot, grazing __. 
straight —_ 
Shoulder angles _......_-. 
Shovelers, requirement of 


form of '____._.. 
importance of _ 


walls of culverts 
Sidings __.. 

location of ... 
Siege artillery _.______. 
batteries; sites for so necuc cones coco cccc dacs seen cccscnbncs woecoons a6-2 
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Siege troops _.----_ --- ---.----.----------------~~------------------.- == 391 
works — _ 357,394 
Sieges_________ 390 
Sight, back_. 86 
fore __. 86 
leaf —-. 14 
peep_— - 2% 
Sight-tube -__. _- 17,18 
Sighting edge __. 17,18 
Sights, level _. ‘ 64 
Signal Corps --.-.----.-__-__--------------------- +270 ----------3---- = 334,341 
Signals -...--.- 325, 326, 327 , 328-330 
air-whistle _ _ 328 
arm ..... 325 
audible __ - 825, 328 
be 328 
board__ 325 
color ____. 328 
coupling —. 329 
imperfect 329 
motion _. 327, 328 
night ____. 825 
order to carry 336 
permanent _. 825 
iti 328 
325 
328 
325 
325, 329 
$25, 328 
69 
conventional_. : 
cultural ___. ~ 67,129 
military _..__ 73 
natural, to a radius — 
topographical. __ 
Sille_.____....--.- 163, 165, 184, 186, 189, 194, 195, 201, 208, 208, 402, 408 
Single lock bridges "116, 178, 179, 181 
sheet bend, weaver’s knot___.-------.-------- 2 ---. ee en 164, 166 
track bridges_.___-_....... 242 
Site for bridge ea ae - 4 
Sites for main siege batteries * 391 
Six-mule teams 438,439 
Sixth root . 116 
Sizes, and working g - 225 
Sketch map of, land northeast of Zamboanga_ 74 
TOO oi insainiteinnimninetinsniinndaseesens 40, 42, 58 
Sketching -.__- 
Cape ae! 40, 45, 47, 48, 92, 93 
traversing with — 46,47 
landscape —__--__.. -_ 62 
outfit for field 3 62 
Toad ______ = 45 
Skid rails —--_-.__ ---- 299 
Skiffs, construction of_ -- 217,218, 219 


Skirmisher’s trench . - 358, 359, 360, 363 


ininte 5A, 62, 367, 368 


_ 826 

= - 323 

Slashing, of a fire... - 310 
Slashings, in fortification. - 357 
Slewing .__.__---_____. 374 
Slide plate_ 294, 295 


70, 104, 105 
451 
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Slinging 9 barrel ___-____....--...-----------~-~-------+.-+-------- 164, 168, 171 
Slings, form and strength of__.__-__.__--__--_-___-_____-_ ee 236, 241 
lengths of_.------ 


7-14, 15, 28, 40,56 
__ 358, 359, 379, 380 
~ 17, 18, 83, 40, 51, 54 

me 399, 401, 402 


358, 359 
7 368, 871 
250, 269 


250 
of inclined gallery _ 395 
side ditches .._. ~ 252 
396, 397 
253 
~ 251, 253 
~ 358,359 
266 
309, 312 
323 
172,175 
Socket fastenings 157 
Socket ___. 157, 189 
S00 DoW a2 insti eet ek oe eae nea es siacaatieaneeesnean ce 373 
revetment__-...--.____ ~ 371,372, 373 
3, 364 
415 
65 
65 
65 
65 
accurate, require aa 
location 0f 222222 -< 25-5 Sak 8 a hes 

South Africa referred to ~~ 363, 380, ast 

African war... Soe 
Spandrel filling ._. -- 258, ose 
walls - 257, 268 
Spar bridges --._____.. = 176, 177, 178, 179, 180. 
roadway of__.__ Ss tecns 178, 181 
Tope required for_______. -_ 181 
round timber required for -_ -- 180 
Spare parts of harness_______________ 440, 441 
Spars and lashings for trestles _ a. 182 
length of. - 178,179 
Spasmodic colic. 434 
Speed, actual __.------____- ee. 331 
of a horse over road grades _ 29 
requirements —._...-.---~--. 279 
running ~__-. 331, 333 
schedule___. 331 
uniformity of . $30 
Spheres oa ee coe ecaceecatcebee 126 
Spikes ________. 158, 290, 291, re 

boat, dimensions of _. 

railroad, dimensions of _ 163 
Spiking 297 
298, 301 
Spiral curves __ 281, 283 
Bpirit level ____ -- 14,15 
Splay of embrasures. 363 
Splice-bar joint 288, 290 
eye .. 170,171 
long —. 170, 171 
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Splicing rails __-_-.. 


icing rails _-_._-~-~~---------- -~-- ---- === 22+ === =e 297 
Splinter proof -------. 


partitions 370 

wall _-- 381, 391. 

Split caps.—_-___-. -~ 163,165 
switches ~ ~ 201, 292 
Spreading earth ... ~ 270-272 
coal in firing . -- 810 

Sprengle explosives __ 408 
Spring eee me Re 324, 325 
slack... 325 

tonic. 436 
Springs --.. 307,308 


Spur track_. 
piles 


Square of a number, to find the. 
Or reef knot sae oss ot as ete tees Sac, 164, 166 
root of a decimal fraction or mixed number, to find the-. . 116 
number greater than 1000, to find the ________ - 116 
to find the —..-._-.-.-.--- - 70, 104 
roots, table of, from 1-1000 _. 106-115 
_ Side of a... ~* 124 
Squares --...-------- ~- 126 
table of, from 1-1000. 106-115 
Stable duties 
Stadia graduation 
surveying-. 
wires. 
work ___. 
Stakes, center _ 
side. _.-... 
Stall partitions 
Stalls, deck____ 
flying 
Stanchions —..----~--. 


Standard points for gage 

terms for gage_______--__---_--_-----------------------~-----= 
Standards_.___--.--.-. .. 179, 180, 0, 190, 198 
Standing block____.--_---_--. ~ 112,175 
rope, dimensions, etc,, of _-----__...-------____. ~-----.-----_----- 156 
trench 359, 860, 363 
Staples for anchorage! 240 
Star fort.---.------..-. a= 367,372 
Stations__ : 81 , 282-286 
Steam chest__ 315, 316, 317 
distribution, troubles wit! 315 
Steel channels, properties of... - 153 
I beams, properties of ___ 152 
wire nails, dimensions of-. 161, 162 
Z bars, properties of___. 153 


Stepping of slopes_____ 253, 
Sterilizing dressings - _ 433 
Stockades _________..-. 380, 384, 416 
destroying. -. 418 

Stone, broken _.. 268, 264 
crushed... 263 

Stop between stati 330 
Storage yard____._.. 299 


Storehouses _. 


Straight line. See Line, straight. 

Strains, lateral.____...--------. 199 
on bridges... 213 
transverse _-____...-. nim : 223 
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Strangles 
Strappers, back. 297 
: _. bead. z 297 
Stratified rocks for arches 258 
Streams crossed 48 
Strength and weight of wood, constants of_.. ‘148 
of hemp and jute rope eles ead 155 
mules____-.------ 428 
wooden beams___--. _. 148,161 
tensile, of various metals_ 154 
Strengthening the position _____ 371 
Stresses in braces __--___-____ wauw 229 
_ chord of a Howe truss_. -~ ‘229, 230 
_ counter braces ____-__-_____ 280 
king and queen post trusses 223, 229 
verticals 229 
on towers ____.. 239 
Stretchers in revetm: nt 
Stringers 
Strong points in front of the line 
Structural shapes —_--_..-_-_ = 
Struts .....-.-- 
Stub switches 
Stuffing box 2222-3 oc see seaweeds eee 
Subchords .-.. 280, 281 , 282-286 
: 2 281, 282, 283 
ceapee 250 
252 
263, 289 
24 
286 
302 
338 
Oe an os 338 
Buperlor Might. no ae eae nee ere nie 335 
Slope _______ - 358, 359 
Superseding an order______....--___-__----------- en ne ee 337 
Supplies, engineer ___. -. 443, nats 445 
. Yeterinary. 434 
Supported joints _____. 290 
Supporting distances_____ 340 
power of barrels 205 
power of boats_____--..--__..___ 201 
cohesive compacted earth 249 
. Wiles oc at ee ee 195 
roadbed as affected by water 249 
the bridge __. 
wet earth___. 
ot the advance ___ 
Surface of road, raising_ 
: rupture paaee 
t. , water_... 
Surfacing . 
Surgeon. 302 
Surra, _.. 435 
Surveying, stadia 83 
..,. Underground 395 
Surveys | for railroad__ 289 
Suspected animals _ 
Suspended joints___. 
Suspension bridges 
Sway. braces_. 186, 188, 189 


Switch details _ ~ 292, 298: 294 


294 
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Switches. 2.2 tet te ees ee 291, 292 
and sidings, layout of -- 204 
special) ___..______ —~-- 292 
aplit - ~ 291, 292, 352 
stub ___ - 291, 292, 352 
Wharton .-__...--..--.------------------ --------- ee ee 292 


TYG ics cewcswct anna sate ceae! conc sessmonnaenheet ate EL Doe eee 
Table, plane ____- 
Tackles, blocks and 


acuns 5, 116 

~ 175, 176 

- 194,195 

simple —__.__ ~ 172,175 

Taitzu River bridge_________-_.. --..------ ---- ------~--------------- +--+. 246 
Tambour_.________ --~ 382, 383, 389 
Tamping -.. 300, 301, 413, 421 
bar ----- 298, 300 

pick --~ 298, 300 
Tangency, point of 280, 281, 283 
Tangent distances _-_____-_-----_---_----------__---------------------- 280, 281 
offsets___ - 285, 288, 350 
Tangents___._-.-----______ - 282-286 


natural, to a radius 


117-122 
Tanks, tender ___.__--___ a 


Tape chains _ 
for fuses — 
measure _ 
metallic. 
tracing 
Target. 2s es 
Task, determination of _ 378 
individual _____ 378 
of the relief____ - 878 
Technical organization_ 337, 338 
Telegraph hitch_____~. 164, 167 
lines ~.-_._-~ -_ 39 
destroying_ 417 


operators____ 


strength of various metals _ 


wooden beams. 148. 
Tension on backstays -__.___. - 239 
truss beams .______--__.--____-_--_--_-----+---+...------------- 223, 225 
Terminal test of air brake _------..-.-.------------------------~--------++- 822 
Terminals ______-_-___-___ 302,303 
field_ ... 307 
Terrain .-..._. 11 
Thickness and re! 378 
358 
parapet_.___ 358 
Thief knot --_____ s 164, 166 
Thimble______. 2 167, 159 
Third parallel —_. ae 


Thirty-one order. 
Three-legged trestles___..--...-___ Saeed NepeRerccattaretAraaseee 181; 182, 183 
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Throat, of notches and loopholes ____. 363, 364, 365 
Throttle____ ~..---------.----.-. 809 
connection. 317 
Thrush’. -- 22 oe, 435 
Thrusts, lateral, on wharves__. 199 
outward, of ballast 196 
292, 293 
290 
296 
296 
296 
301 
353 
Tightness of piston in the triple________. 322 
Tile, bell and spigot _.--__-__. 251, 252 
drain -.--..---. 251, 252 
substitutes for — 252 
Timber, destroying — “417, 418 
hiteb ~ 164, 167 
or pole revetment. 375, 376 
Time fuse .~ 410 
147 
orders - 335 
Timepieces should be kept together 331 
Time-tables _..-_-.----------. 330, 831, 332, 333 

Timing_____ 

Titles of drawings _ 71,74 
Tongs, rail___. 295, 297 
Tonic, spring-. 436 
Tool wagons___-. 201 
Tools, engineer _. 1444,445 

TOP Packs 2 o- cae recmeaecens sein nomeseanancsu etn seca a cece ba sea ncam Woes 44 
Topographic crest______... _ 865,368 
field notebook _....-_--__-_ - 42,43,44 
Topographical spent fundamental. _ : ey 

sabeevenersocesy lL 

rconmalawings as ll 
signs__--.___. 67, , 128, 129, 131-140 
Tops of piles to be cut accurate 192, 193, 194 
Torped 006 a. 22 wi ono sewn eee cee sins oeweceee eee eee actin ace 325, 329 
Towers for suspension bridges 236, 239, 240 
stresses On ..--....--. ----.---. u--. 289 
Towns aud villages, reconnaissance of__ 48 
Trace, details of _-~-. 369 


365, , 367, 368, 369, 376 
60, él, 62, 376, 391, a 
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Tracks, ladder_. -- 303, 304 
es 349), 343, 


300 

302 

302 

330 

290 

302 

~~ 302, 304 

343 

343 

mechanical __. 343 
resistance of_ 289 
wagon -----.. 343° 

Trade designation of pipe_ 261 
Traffic, military ....-..--.-- 249 
noninterruption of _ 265 
organization of. 339 
weight of ___. 147 
Trailing the switch — 292 
Train crew -------. 841 
dispatcher-__. 338 
dispatching 334 
guards ___. 840 
master __. 302, 338 
movements __. 338 

336 

pipe ...... 321,322 
sheet__ 337 
Traing .-~-.-----~. 330, 333 
annulling _ 336 
armored_.__ 340-342 
bunched_. 323, 
extra... 330 
inferior — 330, 333 
military_____ 323 

names and di 202 
protection of $29, 337 
regular______ --_.....-. 830 
smooth handling of _. 323 
stretched___-__ “286, 323 

i 930, 333 


--- 171,173, 177, 178, 179, 180, 181, 182, 
6, 229, 232, 233, 234, 235, 236, 237, 240, ya 


Transportation, army 249 
by teams 373 

pack _... 427 

wagon. 427 

wheel 249, 427 

Transports .-...____ 199 
‘Transverse strains __. 223 
strength of beams_._____— 226 

wooden beams 148 

Trayerse lines 41 
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Sue tween ween s Soucuo sesso Lecce eet ee eae! 379,380, 381 
---- 380,381 
379, 380, 381 
_---.--. 380,381 
40, 41, 45, 54, 83, 285 
380, 381 


types of 


double __--___..-..-- 
with compass and drawing board 
notebook ____ 

oriented drawing board 
sketching cage ._._____. _ 45,47 


Treenails_.. 
Trees, felli 
Trench excavati 


Trenches .-------~.- 2, 256, 258, 357, 358, 359, 363, 369-371, 
377, 383, 391, 393, 394, 424a, 424b, 4246 
communicating. --- 362, 363, 424b 
coroplete... 
cover __.. 


defensive 


wr. 367, 368 
359, 360, 363 


ea 370, 376 
skirmisher’s_ 358, 359, 360, oe 


Spanish, in front of Santiago _ 


- 183-187, 189 
---- 190, 193 
372,373 


Birago 208,212 

four-legged -- 182,183 

- 184-186, 189 

stiles Sonia cag 189 

181, 182, 183 

portable --- 181,201 

sawhorse __ .--- 184, 189 

three-legged _ 181, 182, 183 

timber ~ ___. 384, 385 

two-legged oo o20 Seo one ans oe ee eensee -oca-oe- 181 
Triangles __-.____... , 

equilateral__ ~_ 123,125 

graduated foi --- 88,34 

‘obtuse-angled ~ 123, 125 

plane, formulas for the solution of_ 123; 125 

right-angled __---_-----._---... 123, 125 

similar ___ ~~ 124 

Triangular profile___ 367,368 

Tributaries and canals 49 

Trigger, mechanical_ 415 

Triple, leak in______ 322, 323 

tightness of p: i 322 

Tripods .---.__-_--______. , 182, 183 

Troops, assignment of_ 3 338, 339, 390 

investing _ ---. 391 

siege ___ _ 3g1 

Trous de loup— 386, 387, 416 

Trucks. 319, 325 


True meridian, See ‘Meridian, true, 
Truss bridges 


221, 223, 224, 225, 226, 227-229, 230, 
231, 232, 233, 934, 235, 236, 237 
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Trussed beams.---....---------------.--~-..------_-- 176, 177, 223, 224, 225, 226 
ladder bridge <a aos a es 176,177 
‘Trusses, completion of - - 232, 233, 234 
designing 22202 8 ee ee 225 

double bowstring_ 234,235 
eight-panel_22 2 sae 230 

erection of _.. 226, 227, 233 
aeeeaneae 224, 229 

- 228, 229, 230, 233 

: dimensions for each of two ----~-=---- 230, 231, 233 
king-post_____-_-----------__---- . 223, 224, 225, 228, 2277 229 

stresses on Members Of_._.--__-___-_-.---------. 2 223 


lateral -....-_.--.-_--_-.. - 233 
lattice 35, 237 
© Metal acecsiscoc ccc wsa_ ceed cetaceans wove kansas cea ceed eee 421 


, Pratt 222-2 ooo oe ee ee, 228, 231, 233, 234 
.  queén-post -..----_- ee. , 224, 225, 226, 227, 229, 232 
stresses on members of. 223 
special forms-of ___-___-----__ 234, 235 
steel ___..___ © 421 
ten-panel _ - 230 
wooden ___. . #21 
Tube sheets ____._- ~ 310 
Tunnels and bridges _. is 49 
Turning point -___. 86 
Turntable____. - 303, 304 
Tunnel work. 20, 421,422 
Two half-hitcbes__. 164, 166 
legged trestles __ -- 181 
U. 
Unannesled wire_...--..-----------~--------------~- ---------- een neeeeee- 157 
Undercutting..._ 
Underdrainage ines 


Underground communication____ -_. 
Under-tamping strengthens concrete pipe -. 
Uniform load in pounds, safe —- 
Unit in transportation —-_.__- 
of measure —-~ 
Unloaders __--- 
Unloading--------..- 
Unobstructed field of fire _-----...___-----.--_.- 


Vacuum operation ........-.--.----~.------ ---- ------ ------ ---------+---- 405 
Velocity of falling bo 


engineer’s — 
excess: pressure ________.._--_---_------- ------------ ---------------- 321 
locating defective 322 
overflow ____ 311,312 
- 821 
311, 312 
- 316, 320 
311,312 
aoe 395, 405 
Vernier __. --- 18,79, 284, 285 
AL MOCE 2 ek archer IR et Pata ee oe ee at Se as ces Sk a 18 
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Vernier, double direct_----.--_----_-----_------~-------------------------- 78,79 
folded _--_-_- 


Veterinary prescriptions 


. supplies, table of 433 

- 48, 389 

369 

of parapet_ 363 

Volumes, derivation of ----- -. 266 

in cubic yards with side slopes of 1 tol 267 

14 tol 268 

269 

of spheres and cubes. 126 

Vulnerable points. 340 
Ww. 

Wagon transportation ____. 427 

nme 438,439, 441 

and their loada, weights of. ---- 202 

Chess 2 nF one 201 

for hauling earth 271 

201 

201 


Walk, the normal gate for reconnaissance__ 
Wall knot. 


of house, destroying = 


retaining---_....__ 253, 254, 256, 258 

side, of culverts_ - 257, 258 
spandrel ____. 257 , 258 
wing___-------_. ats 258 
thicknesa of _ 258 

Washers, cast iron. cece 160 
wrought iron, dimensions and weights of 161 
Waste._..-._-.------. 325 
331 

27 

481, 432 

314, B16 

50 

from adjacent slopes 250 
ground _._.._______. 250, 252 

in tender, heating__ 313 

jet in pile driving 193 

level 199, 310 
quality of 314 
softening 314 
stations_. 302, 313 
supply__. 313, 369 
surface _ - 250 
Watering___.__ (482, 451 
Waterway, area of---.- 256 
Wattling. --- 374, 375, 376 
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Weaver's kn0tecisc os ccenen each eeu sn caenchenasccceu neue ee 164, 166 

Weaving ....~.-__. 373 

the hurd! 374, 378 

Wedges -_.-_-----_-___. 195, 309, 398, 400, 403, 404. 

Weight of army wagons. ” 438 

bridge_______ 147 

ili 47 

traffie 2 2ou5 2225 sabes. 147 

202 

on hoofs 249 

Weights on whee 249 

Weirs in side ditches__. 252 

Wharton switch __ 292 

Wheel, of block_. 172,175 

.- 807 

-- 427 

Wheels__-___-____- 307,308 

30 

Whip _... - 175,176 

Whistles _ -- 825 

White lotion.--...-.---------- 434 

Width to be stoned or metaled_ 264 

Wing walls...-----------.-. ~ 257, 258 

Wings of macadam roads___.__--.------------------------- --------------- 264 
Wires 2+ ----oce cc 

annealed ___ ae "187 

Bessemer steel ___ 158 


black ...--.-. 


Wood joints to be secured with screw bolts 
Wood, reconnaissance of _......------.--- = 


Wooden beams, strength of- “148, 149, a 
Work extras__. 336 
i 299, 300 
Working loads_-. 151 
aT 

371, 405 

Wounds.-._.-__. 436 
Wreckage 302 
Wrecking _____ 301,302 
crew — 302 

trains 301, 302 

Wrench, track. 297, 298 


Yard master____ 
Yardage of earth .. 
Yards _---_-.~_-. 


Z bars, steel, properties of 
Zamboanga, sketch map of land northeast of. 
Zigzag trenches__.----~------------- 
Zone of investment 


Were 


Ga Ctl ah shen Bag) FAS 
FOE SG OLS Or: 


